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Former graduate student Wei Qi and Professor Matt McIntosh have reported 
diastereoselective reductive 1,3-transpositions of acyclic α,β-unsaturated tosyl hydrazones to 
afford substrates with a 1,4-syn or 1,4-anti relationship between alkoxy and methyl groups that 
proceed via  an ADR (Qi, W.; McIntosh, M. C. Org. Lett. 2008, 10, 357; Qi, W.; McIntosh, M. 
C. Tetrahedron 2008, 64, 7021).  In these reports, silica gel was employed to accelerate the 
reduction.  We have found that acetic acid gives the same results with high diastereoselectivity in 
the reaction.  We further optimized the reaction by lowering the amount of catecholborane to 3 
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A. THE ALLYLIC DIAZENE REARRANGEMENT 
1. Early Developments 
1.1 Hydrazone Reduction/ADR 
In 1931, Kishner reported the first example of an allylic diazene rearrangement (ADR) by 
reacting 2-furyl hydrazone (1.1) with platinized clay to give 2-methylene-2,3-dihydrofuran (1.4) 
as the major product (Scheme 1, eq. 1).1  The reaction presumably proceeds via 2-furyl diazene 
(1.2).  Miles later reinvestigated Kishner’s reductive transposition and found that major products 
were a mixture of 2-methylfuran (1.3) and 2-methylene-2,3-dihyrofuran (1.4).2  He also 
demonstrated its potential as a starting material for 2-substituted furans via using carbonyl ene 
reactions (Scheme 1, eq. 2)  
 
Scheme 1 
Miles also utilized the Huang-Minlon modification of the Wolf-Kishner’s reduction, to 
prepare 3-methylene-2,3-dihydrofuran (2.3) from 3-furylhydrazone (2.1) (Scheme 2).3  The 
Huang-Minlon modification is simpler and more economic compared to other classical 
modifications of Wolf-Kishner reduction because of the use of sodium or potassium hydroxide 
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instead of metallic sodium or sodium ehtoxide.4,5  A 100 % hydrazine was also replaced with a 
much cheaper 85 % hydrazine hydrate in the Huang-Minlon modification.  However, the 
purification of the product 2.3 involved a significant loss of the compound resulting from 
isomerization and polymerization.    
 
Scheme 2 
These traditional approaches including the Wolf-Kishner conditions for reductive 
transposition of hydrazones involves strong base and very high temperatures in which base 
sensitive functional groups including esters, lactones and ketones are not compatible.6,7   
  
2. Tosyl hydrazone Reduction/ADR  
2.1 Hydride Reagents 
The Wolf-Kishner conditions involved deoxygenation of the aldehydes or ketones via 
base treatment of hydrazone intermediates to afford hydrocarbons.  However, the method utilizes 
tedious reaction conditions; therefore, not suitable for sensitive substrates including hindered 
molecules.  After the Wolf-Kishner reaction, a substantial amount of time and efforts led to the 
development of a new procedure in which tosyl hydrazones were utilized instead of hydrazones.  
The harsh reaction conditions of the Wolf-Kishner reduction of hydrazones were avoided by 
reducing the tosyl hydrazones with a variety of hydride reagents.  In 1966, Caglioti utilized 
lithium aluminium hydride for reduction of tosylhydrazones.8  Later, he developed the milder 
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reduction conditions by using sodium borohydride.9  A variety of ketone tosyl hydrazones 3.1 
were reduced with sodium borohydride to obtain hydrocarbons 3.2 (Scheme 3).   
 
Scheme 3 
Another procedure for a reduction of tosyl hydrazones using the ADR was developed by 
Hutchins in the early 1970’s, in which an enone was first converted to a tosyl hydrazone 4.1, 
then reduced with sodium cyanoborohydride in 1:1 DMF-sulfolane at 100-105 °C to give the 
reduced rearranged alkene 4.2 (Scheme 4).10,11,12  Later, Kabalka improved the procedure by 
introducing catecholborane for the reduction of α,β-unsaturated tosyl hydrazone 4.1, which 
offered a number of advantages over sodium borohydride and sodium cyanoborohydride 
(Scheme 4):6,13,14 1) only 1 eq of hydride reagent is required; 2) reduction temperature can be 
lowered to 0 °C; 3) common organic solvents such as CHCl3 can be utilized instead of 
DMF:sulfolane system or acetic acid; 4) catecholborane being liquid at room temperature, it may 







Other than borane reagents, there are also a few reports on hydrosilane mediated 
reduction of hydrazones.  Wu and coworkers first developed a method for reduction of acyl 
hydrazones by employing hydrosilane after unsuccessful attempts utilizing the hydride 
reagents.16   Triethylsilane is a mild reducing agent, which can be used under acidic conditions to 
enhance the reactivity of hydrazones.17,18  Later, the procedure was also employed for the 

















3. Mechanism of Reductive Transposition 
There are a number of reports on the possible mechanism of reductive transposition of 
tosyl hydrazones by using sodium cyanoborohydride or catecholborane.  Hutchins proposed that 
the iminium ion 5.1 formed under acidic conditions and reduces to tosylhydrazine 6.2 when 
treated with cyanoborohydride (Scheme 6).12  Elimination of the toluenesulfonyl group forms the 
diazene intermediate 6.3, which undergoes ADR.  The decomposition occurs by a retro-ene 
reaction with elimination of nitrogen to give rearranged alkene 6.4.  Therefore, the mechanism of 
reductive transposition occurs in 3 distinct steps; 1) reduction of hydrazone; 2) formation of 














Later, Kabalka proposed a mechanism for the reduction/ADR of tosyl hydrazones in 
which tosyl hydrazone 7.1 is reduced to form a hydrazinoborane intermediate 7.2.14  
Fragmentation of acetoxy catecholborane and tosyl group gives the diazene intermediate 6.4; 
ADR of the intermediate affords the desired alkene 7.5 (Scheme 7).6  The ADR involves 
decomposition of the diazene intermediate 7.4 through 1,5-hydride shift and elimination of 
nitrogen in a concerted manner.  His experiments with NaOAc.3D2O afforded deuterium 
incorporated alkene 7.5 which support the concerted decomposition of the diazene intermediate 
7.4.    










Liu et al have performed a mechanistic study of reductive transposition of tosyl 
hydrazones by utilizing a labeling experiment with NaCNBD3 (Scheme 8).
20,21  Their study 
revealed that the reaction proceeds via formation of an iminium ion 8.2, followed by hydride 
attack to give hydrazine 8.3.  Elimination of TsH affords a diazene intermediate 8.4.  The 
intermediate 8.4 undergoes the decomposition via ADR.  Alkene 8.5 was identified as the 
reduced, rearranged product resulting from the ADR of diazene intermediate 8.4.  Thus, all these 













By calculations, Houk has also supported a concerted reaction mechanism for the ADR 
(Figure 1).22  The transition state is a half chair in which all atoms are coplanar except C2.  The 
calculated activation energy barrier is only 4.5 kcal/mol.  The reaction is highly exothermic at 61 
kcal/mol.  These results are consistent with those obtained from mechanistic studies.  Therefore, 
the ADR is considered as a thermal concerted retro-ene process that proceeds through a six-















4. Synthetic Applications 
In 1971, Corey et al reported the application of the ADR in a racemic synthesis of α-trans 
and β-trans-bergamotene (Scheme 10).27  Allylic bromide 10.1 was reacted with the sodium salt 
of tosylhydrazide to give allyl tosylhydrazide 10.2.  Bergamotene (10.4) was obtained after 
elimination of TsH and decomposition of diazene intermediate 10.3 when treated with a buffer of 














Several other syntheses have been reported by utilizing variants of the ADR.  For 
instance, Schreiber et al employed the ADR in synthesis of the enediyne-bridged tricyclic core of 
dynemycin A (Scheme 11).28  Ionization of alcohol 11.1 with MeAlCl2 afforded carbonium ion 
11.2 which was trapped with 2,4,6-trimethylsulfonyl hydrazide to give the hydrazine 11.3.  
Elimination of the arylsulfonyl group followed by decomposition of the intermediate diazene 










There are a number of reports of synthetic applications of the ADR in the literature in 
which Hutchins or Kabalka protocols were employed to produce cycloalkenes from 
cycloalkenones.29,30,31,32,33,34,35  In general, α,β-unsaturated sulfonyl hydrazones derived from the 
corresponding cyclohexenones undergo axially selective reduction.36,37,38  For example, Coates 
and Chu utilized the ADR in the synthesis of 9,10-diterpenes in which tosyl hydrazone of 
isopimaradione 12.1 was treated with catecholborane in CHCl3 at 0 °C for ca. 30 min (Scheme 
12).38  The reaction was then heated under reflux with NaOAc for 50 min to afford the desired 
cycloalkene 12.3.  Formation of the desired product 12.3 with the 9,10 syn configuration is 
rationalized by axial delivery of hydrogen in the ADR which could be possible via inversion of a 








This variant was also applied in our lab for the synthesis of the isobenzofuran core of 
eunicellin diterpenes 13.3 (Scheme 13, eq. 1).39  Further, our group has employed the ADR in 
synthesis of advanced intermediate 13.6 in a approach to the synthesis of cladiell-11-ene-3,6,7-













Another variant of the ADR has been reported by Myers in several applications, as the 
final step of a reductive transposition.41,42,43,44,45,46  These reports include Mitsunobu reactions of 
allyl and propargyl alcohols to form alkenes and allenes, respectively (Scheme 14, eq. 1 and 2).  
Myers’ protocol is important since it stereospecifically affords allenes from reductive 
transposition of propargylic alcohols, which are readily available in asymmetric form.  Although 
he reported the stereospecific synthesis of allenes, surprisingly, he did not mention any examples 












In 2009, Magauer et al employed the Myers protocol as one of the key steps for the total 
synthesis of (+)-echinopine (Scheme 15).47  Allylic alcohol 15.1 was treated with 2-
nitrobenzenesulfonyl hydrazide (NBSH) under Mitsunobu conditions affording dr 10:1 of 
isopropenyl compound 15.4 via reductive transposition.  The formation of the desired isomer 
was rationalized by the transition state 15.2a which possesses less steric interaction between 












Movassaghi utilized the ADR in the synthesis of (-)-acylfulvene and (-)-irofulven.48,49 
Mitsunobu displacement of alcohol 16.1 with N-isopropylidene-N’-2-nitrobenzenesulfonyl 
hydrazide (IPNBSH) followed by in situ hydrolysis and decomposition of diazene intermediate 
16.3 provided 71 % of alkene 16.4 (Scheme 16).  Only 35-54 % of the desired alkene 16.4 was 
obtained when 2-nitrobenzenesulfonyl hydrazide (NBSH) was employed for Mitsunobu reaction 
as in Myers’ procedure.  These results suggest that the use of IPNBSH may be advantageous 









In 2009, Qiu et al utilized a stereoselective ADR to afford the Ziegler intermediate in the 
synthesis of forskolin (Scheme 17).51  Addition of tosylhydrazide to epoxide 17.1 was catalyzed 
by p-toluenesulfonic acid to give hydrazine 17.2, which afforded the desired compound 17.4, 














Similarly, Sarpong employed the stereospecific nature of the diazene rearrangement in an 
approach to synthesis of (±)-icetexone diterpenoids (Scheme 18).52  Heating of epoxide 18.1 with 
tosylhydrazide in the presence of camphorsulfonic acid provided a 2.5:1 mixture of 
diastereomers 18.5a and 18.5b.  The reaction presumably occurs through protonation of the 
epoxide to give allylic cation 18.2, which was trapped by tosylhydrazide affording a mixture of 
18.3a and 18.3a.  Formation of diazene intermediates 18.4 followed by ADR afforded the 




Sorensen and his group employed reductive transpositions of [4+2] cycloadducts of 1-
hydrazinodienes to obtain cyclohexenes with a 1,4-stereorelationships (Scheme 19).53  Diels-
Alder product 19.3 was formed by treating 1-hydrazinodiene 19.1 with dienophile 19.2 under 
Lewis acid catalysis.  Protection of aldehyde 19.3; followed by deprotection of the Alloc-
protected nitrogen provided hydrazine 19.4.  Compound 19.4 afforded the ADR product 19.5 in 












In 2011, Sorensen subsequently employed the ADR in reductive transpositions of 
cycloadducts of 1-hydrazino dienes 20.4 (er > 20:1) prepared in catalytic asymmetric Diels-
Alder reaction (Scheme 20).54  Cleavage of the Alloc group followed by ADR afforded 
cyclohexene 20.6.   
Scheme 20 
More recently Fujiwara employed a slightly modified Movasaaghi’s procedure49,50 for the 
reductive transposition of allylic alcohol 21.1 to diene 21.2 (Scheme 21).55  The diene was 
utilized for the synthesis of the EF ring of ciguatoxin 3C.  
Scheme 21 





B. DIASTEREOSELECTIVE REDUCTION OF THE IMINE BOND OF TOSYL 
HYDRAZONES AND OXIMES IN ACYCLIC SYSTEM   
1. Imine Bond of Tosyl Hydrazones 
A key step in the reductive transposition of α,β-unsaturated tosyl hydrazones is the 
reduction of the imine bond.  As discussed earlier, many reaction conditions have been utilized 
towards the development of optimum conditions for C=N bond reduction including Hutchins and 
Kabalka’s conditions.6,8,9,10,11,12  However, reports on diastereoselective reduction of tosyl 
hydrazones is still scarce.  Therefore, Rosini’s work on tosylhydrazone reduction using sodium 
cyanoborohydride is noteworthy.  Initially, Rosini reported the reduction of tosylhydrazones by 
converting them into N,N’-mercurio-bis-tosylhydrazone and then treating them with sodium 
cyanoborohydride.56  Later, he simplified the procedure by reducing tosylhydrazone 22.1 directly 
with sodium cyanoborohydride and p-toluenesulfonic acid in THF at room temperature and 
isolated the reduction product 22.2 (Scheme 22).57  Although he did not report the E/Z 
configuration of hydrazones 22.1, he provided the coupling constant values for anti (3-5 Hz) and 
syn (8-11 Hz) diastereomers of the hydrazines. The 1,2-anti hydrazines 22.2 were obtained from 
the reduction of α-alkoxy hydrazones 22.1, presumably via to chelation control.58 
 
Scheme 22 
Due to the paucity of reports on the diastereoselective reduction of tosyl hydrazones in 
acyclic system, we also reviewed C=N bond reduction in oximes as analogs of hydrazones.   
22 
 
2. Imine Bond of α-Alkoxy Oximes 
There are numerous reports on reduction of a variety of oximes; however, only the 
representative examples of oximes derived from α-alkoxy or α-hydroxy ketones will be 
discussed.  Diastereoselective reduction of the C=N bond in E- and Z-α-acetoxy oximes 23.1 can 
be achieved by utilizing acid catalyzed hydrosilylation (Scheme 23).59  The reaction gave 99:1 
anti:syn (23.3 and 23.4) products when E-oxime 23.1 was used (Scheme 23, eq. 1).  The 
observed anti-selectivity was presumably due to a proton-bridged Cram’s cyclic model.  
However, low diastereoselectivity was observed in case of Z-oxime 23.2, most likely due to the 
lack of formation of the cyclic transition state.  The author also rationalized the preference of syn 







Another type of diastereoselective reduction of imine bond has been reported by 
Kibayashi et al (Scheme 24).60  The authors proposed the transition states 24.2a and 24.2b to 
rationalize the diastereoselectivity of the reduction.  Stereocontrolled reduction of α-alkoxy 
oximes 24.1 with aluminium hydride reagents gave anti amino alcohols 24.3 preferentially due 
to chelation control; however, the configuration of the oximes 24.1 was not disclosed.  Transition 
state analysis suggests that 24.2a is favored since 24.2b suffers from steric interaction between 













Contrary to the above reports of anti-selectivity, Williams et al obtained syn-1,2-
benzyloxy amino alcohols 25.3 from diastereoselective hydride reduction of α-hydroxy oximino 
ethers 25.1 when tetramethylammonium triacetoxyborohydride (TABH) was used (Scheme 
25).61  The authors hypothesized the preference for the syn product by a Felkin-Anh transition 
state.  External hydride addition to rotamer 25.2b would provide the syn isomer.  The 
diastereoselectivity of the reduction was not dependent upon the E/Z geometry of oximes.  
However, it was not clear why the authors did not mention the possibility of the reduction by the 









Fujisawa et al also investigated the diastereoselective reduction of α-hydroxy oximes 
under a variety of conditions (Scheme 26).62  For this purpose, he utilized three different 
reducing agents; Na[AlH2(OCH2CH2OCH3)2], LiAlH4, and Pd-C/H2.  Reduction of oxime 26.1 
under first two sets of reaction conditions gave syn product 26.3 predominantly, which was 
rationalized by the Felkin-Anh Model.  Anti-selectivity was preferred when Pd-C/H2 in EtOH 
was employed, perhaps due to chelation of the hydroxyl proton to the imine nitrogen.  However, 
the authors did not address this issue and they have shown the anti-selectivity in the E-oximes 
only.  Nevertheless, they concluded that the selectivity depends on the conditions used for the 





Based on all these results obtained from diastereoselective reduction of oximes, 
formation of anti and syn products can be rationalized by Cram’s chelation-controlled model or 
the Felkin-Anh model respectively. 
 
C. ACYCLIC STEREOCONTROL IN THE ADR 
There are many examples of the ADR in cyclic systems; however, there were no reports 
of ADR on installation of sp3 stereocenters in acyclic systems prior to Qi and McIntosh’s work.63  
If the terminal carbon of the alkene of a α,β-unsaturated hydrazone is prochiral, the ADR can be 
employed to install a stereocenter.  Therefore, this variant of the ADR expanded the scope of this 
transformation.  Diastereoselective 1,2-reduction of a α,β-unsaturated tosylhydrazone 27.1 can 
be achieved under the influence of an α’-alkoxy stereocenter (Scheme 27).  The hydrazone imine 
of an unsaturated tosylhydrazone in principle can undergo either Felkin-Anh or Cram chelation 
controlled reduction.  The transfer of hydrogen to the prochiral alkene is the result of the 
suprafacial nature of the rearrangement along with the allylic strain induced conformational 
constraints.44,64  This type of 1,4-syn and 1,4-anti stereorelationship can be found in many marine 











The first report of use of an ADR to install an sp3 stereocenter in acyclic systems was 
published in 2008 by Qi and McIntosh (Scheme 28).63  A variety of α,β-unsaturated tosyl 
hydrazones were employed as precursors for reductive transposition to give corresponding 
alkenes with high diastereoselectivity.  In a representative example, tosyl hydrazone 28.1 was 
treated with ca. 6 eq of catecholborane and 2 wt. eq of silica gel at low temperature.  After 2 h, 
NaOAc.3H2O was added and the reaction mixture was heated to reflux for ca.16 h.  The reaction 
gave 81-95 % yields, depending upon the R and R’ substitutions. 
 
Scheme 28 
The relative configuration of the 1,4-syn alkene 28.1 was confirmed by converting it to 
the known lactone 29.2 via hydrogenolysis followed by oxidation (Scheme 29).69  Lactone 29.3 
would have been observed if the 1,4-anti alkene were obtained from reduction/ADR. 
 Scheme 29 
29 
 
Mosher ester analysis of alcohol 30.1 derived from (S)-(+)-lactic acid also showed only a 
diastereomer based on NMR spectroscopy (Scheme 30).63,70,71  These results suggest that no 
racemization occurred at the α’-alkoxy stereocenter and the integrity of syn stereochemistry was 
maintained throughout the reaction.  
Scheme 30 
Furthermore, Qi and McIntosh also reported two examples of 1,4-anti alkenes obtained 
from Z-alkene α,β-unsaturated E-hydrazones (Scheme 31).63  These results are significant since 
both 1,4-syn alkenes and 1,4-anti alkenes could be prepared by employing appropriate alkene 





This methodology was subsequently utilized for the synthesis of a model of the C22-C34 
fragment of antascomicn B (Figure 3, Scheme 32, eq. 1).72  More recently, McIntosh et al have 
also reported the successful completion of the fully substituted C21-C34 fragment of 
antascomicin B by reduction/ADR of the corresponding hydrazone (Figure 3, Scheme 3, eq. 2).73   
 





Based on these results, we expected that the extension of the method would afford 1,4-
syn trisubstituted alkenes 33.2 from tetrasubstituted α,β-unsaturated E-hydrazones 33.1, which 




















D. FURTHER EXTENSION OF THE METHODOLOGY IN ACYCLIC SYSTEM 
Further extension of the asymmetric reduction/ADR in acyclic system could provide 1,4-
syn alkenes 34.5 with heteroatom functionality such as alkoxy, amine or alcohol (Scheme 34).  
We designed two pathways to obtain alkenes 34.5 from the reductive transposition of α,β-
unsaturated enone hydrazone 34.4 (Scheme 34).  In pathway 1, we expected to obtain α,β-
unsaturated enone hydrazone 34.4 from ynone 34.1 by hydrazonation and subsequent 1,4-
addition of a heteroatom nucleophile.  However, we were able to find only one literature report 
for conjugate addition to ynone hydrazone 35.1 in which sulfenic acid 35.2 was utilized as a 
nucleophile (Scheme 35).74  Further, the reaction suffered from a very low yield providing a 
mixture of products.  Therefore, the alternative pathway 2 was proposed to prepare the same 
hydrazone 34.4 simply by reversing the order of reaction i.e. 1,4-adddition to ynone 34.1 






Despite the lack of examples of the 1,4-addition to the ynone hydrazones, there are a 
number of close precedents of the conjugate addition to α,β-unsaturated ynones.  For example, 
Scheidt reported N-heterocyclic carbene (NHC) catalyzed conjugate addition of benzyl alcohol 











Recently Sydnes and Sengee reported 1,4-conjugate addition to butynone 37.1 by 
utilizing various nucleophiles, including primary and secondary amines (Scheme 37).76  The 
reaction preferentially provided the E-isomer 37.2a, as a 1,4-adduct.  The reaction afforded the 
Z-isomers 37.2b when primary amines were utilized as nucleophiles perhaps due to the favorable 
hydrogen bonding in the product. 
 
Scheme 37 
Another example of 1,4- addition reaction was reported by Paintner in which a variety of 
alcohols were added to the known butynoate 38.1 in the presence of the nucleophilic catalyst 
trimethylphosphine to give enol ethers (Scheme 38).77  The reaction gave up to 90 % product 








Therefore, we envisioned to prepare alkenes 34.4 bearing 1,4-stereocenters at the allylic 
position from reductive transposition of the corresponding hydrazones 34.4 (cf. Scheme 34).  
This type of stereorelationship is commonly found in marine natural products such as 
















Asymmetrical 1,4-diols are commonly prepared by asymmetric reduction of chiral γ-
hydroxy ketones,79 or addition reactions of 1-alkyne-3-ols.80  However these methodologies may 
not be practical in total synthesis because two different chiral sources may be required to 
establish the stereocenters.  Further, these diols could be employed to obtain alkoxy alcohol or 
dialkoxy alkenes by the standard etherification procedure i.e. Williamson’s ether synthesis 
(Scheme 39).81  However, the major complication of the reaction may arise due to the 
competition with the base catalyzed elimination when secondary alcohol such as, methyl lactate 
is used as a nucleophile.82  
Scheme 39 
It could be possible to avoid these complications and synthesize the acyclic 1,4-alkoxy 
alcohol or 1,4-dialkoxy alkenes 34.5 by using asymmetric reduction/ADR of the corresponding 
hydrazones (cf. Scheme 34).  The methodology may provide alkenes with varying 1,4-
functionality including hydroxyl amines and hydroxyl ethers.  The expansion of the asymmetric 
reduction/ADR in acyclic system depends upon the appropriate configuration of the precursor 
hydrazones.  Therefore, stereoselective hydrazone preparation is the key step towards the 
successful transformation to the desired alkenes.  Details on hydrazone preparation involving 





II. RESULTS AND DISCUSSION 
A. DIASTEREOSELECTIVITY IN REDUCTION/ADR OF TOSYL HYDRAZONES 
1. α,β-Unsaturated Tosyl hydrazones 
As mentioned previously, Qi and McIntosh developed a procedure for reductive 
transposition of trisubstituted hydrazones to afford disubstituted E-alkenes with alkoxy and alkyl 
stereocenters at the allylic positions (cf. Scheme 28).63  Since 1,4-syn alkenes were obtained in 
the reduction/ADR of α,β-unsaturated E-hydrazones, the 1,2-anti isomer must have been 
produced in the hydrazone reduction step (Scheme 40).  A chelation control model can be used 
to rationalize the formation of the 1,2-anti product from the reduction.  Chelation with either 
proton or B(OR)2
+ is possible.  According to this model, hydride attacks from the less hindered 
side of the chelate ring to give the 1,2- anti product.  The 1,4-syn alkene was obtained as a result 
of suprafacial delivery of the hydrogen atom in the ADR.  If the reaction followed the Felkin-
Anh model, the hydride would attack from the opposite side affording the 1,2-syn product 40.4 




2. O-Benzyl Benzil Hydrazones 
If the E-hydrazone undergoes reduction to afford 1,2-anti product, it could be also 
possible to obtain the 1,2-syn product from the reduction of the Z-hydrazone via Felkin-Anh 
pathway.  We hypothesized that the E/Z configuration of the hydrazones may affect the 
diastereoselectivity of the reduction.  Furthermore, it could be noteworthy to isolate the 
intermediate after the reduction and determine its configuration.  To alleviate these issues, we 
examined the effect of the E/Z configuration of the O-benzyl benzil hydrazones in the 
diastereoselective reduction.  O-Benzyl benzil hydrazones were chosen since the phenyl 
substituent of the hydrazone prevents the ADR from occurring which enables us to determine the 
















Reduction of the E-hydrazone 41.1 afforded 1,2-anti product 41.2 under both Rosini’s57 
Qi’s conditions (Scheme 41, eq. 1).63  Although we were unable to obtain a pure 1,2-anti 
reduction product 41.2,  we were able to determine the configuration of the product based on the 
coupling constants provided in Rosini’s report.57  We also expected to obtain the 1,2-syn product 
when the Z-hydrazone 41.1b was subjected for the reduction (Scheme 41, eq. 2).  However, we 
could only recover the starting material from the reaction.  According to the conformational 
analysis, the Z-hydrazone is unreactive presumably due to the sterically hindered substrate, 
blocking the hydride attack.  These results suggest that the configuration of the hydrazones is 
important in reduction since only the E-hydrazone undergoes reduction providing 1,2-anti 







3. Proof of Chelation 
We also performed NMR experiments to study the chelation effect that facilitates the 1,2-
anti reduction of the O-benzyl benzil E-hydrazone.  Firstly, a solution was prepared by adding 
O-benzyl benzil E-hydrazone 41.1a and methanesulfonic acid (1:1) in CDCl3 (Scheme 42).  
Methanesulfonic acid was used instead of toluenesulfonic acid because of its higher solubility in 
CDCl3.  The proton NMR showed the disappearance of the sulfonamide proton of the E-
hydrazone immediately after mixing the sample (Figure 5).  The methyl, benzylic and methine 
protons were shifted downfield compared to that of the E-hydrazone.  These results suggest that 

























B. EFFECTS OF SILICA GEL AND PROTIC ACIDS 
Qi has found that the reductive transposition of hydrazones in the presence of silica gel 
gave high yield with ≥ 20:1 diastereoselectivity.63  We reexamined this result and found that the 
reaction gave very high yield when silica gel was utilized for the reduction, whereas the reaction 
with no silica gel gave moderate yield and much longer reaction time was required.  
 
Scheme 43 
These results clearly demonstrate that silica gel not only accelerates the reduction but 
also gives better product yield.  However the role of silica gel was unclear.  The pK a value of the 
silanol group of silica gel has been determined to be 7.1 ± 0.5.83  The silica gel used in our lab 
was purchased from SORBENT and the pH range of the silica gel was specified as 6.5-7.0.   
There are numerous examples of organic reactions utilizing silica gel as an acidic 
catalyst.83,84  In one example, silica gel was used as an acidic catalyst for the rearrangement of 





Another example reported by Minakata also showed that acidic nature of silica gel 
facilitated the ring opening of the aziridine 45.1.86  The reaction did not proceed without silica 
gel (Scheme 45).  
 
Scheme 45 
Therefore, we speculated two possible roles of silica gel in reduction/ADR of the 
hydrazones due to a weakly acidic nature of the silica gel: 1) formation of a chelating boronium 
ion 40.1a via elimination of H2 (Scheme 46).  The boronium ion 40.1a is similar in structure to 
the known boronium ion (Figure 6); in both cases the boron is covalently bonded to two phenolic 







Figure 6: Boronium ion 
2) formation of a 5-membered chelate intermediate with a proton from silica gel so that 
hydride would attack iminium ion 40.1b to afford 1,2 anti-product 40.2 from reduction (Scheme 













The first hypothesis was tested by reacting 5 eq of catecholborane with 1 eq of p-
toluenesulfonic acid followed by addition of hydrazone (Scheme 48).  When catecholborane was 
treated with p-toluenesulfonic acid, bubbling occurred presumably due to evolution of H2 gas.  
After cessation of bubbling, diene E-hydrazone 28.1 was added; however, the intermediate 40.2 
was not observed by TLC analysis.  Starting material 28.1 was recovered from the mixture.  
Under these conditions, protonation of the substrate should not be possible since all of the acid 
had reacted with catecholborane and a catecholborane-derived species would have to serve as the 
chelating agent.  This result suggests the silica gel serves as an acid to provide a 5-membered 










The second hypothesis was tested by replacing silica gel with a protic acid in 
reduction/ADR.  Although the reductive transposition of hydrazones in the presence of silica gel 
gave high yield with 20:1 diastereoselectivity,63  it would be preferable to replace insoluble silica 
gel89 with a soluble well defined protic acid such as acetic acid.  Another drawback of using 
silica gel is that it might not be practical to use stoichiometric amounts (2 wt. eq) of silica gel in 
large-scale preparations.  When 6-10 eq of acetic acid was used instead of silica gel in Qi’s 
conditions, trisubstituted alkene E-hydrazones 28.1c and 28.1d gave good yields (Scheme 49, 
Table 1, entry 1,3 ).  However, the reaction gave lower yield when trifluroacetic acid was used 
with substrate 28.1c. (Table 1, entry 2).  These results demonstrate that acetic acid can be an 
alternative to silica gel for chelation to facilitate the reduction. 
 
Scheme 49 
Entry Substrate Protic acids Yield (%) 
1. 28.1c CH3CO2H 82 
2. ,, CF3CO2H 62 
3. 28.1d CH3CO2H 62-80 





We next sought to optimize the reaction conditions by lowering the amount of 
catecholborane in 0.040 g scale reaction.  Previously, 5.85-6 eq of catecholborane were used for 
reductive transposition of hydrazones.  We found that there were no differences in product yield 
when 6 eq or 3 eq of catecholborane was used (Table 2, entry 1-3).  The amount of 
catecholborane could be further decreased to 2 eq, but gave lower yield and required longer 
reaction time (Table 2, entry 6 and 7).  
 
Scheme 50 
Entry HB(OR)2 (eq) Time (h) Yield (%) 
1. 6 2 97-98 
2. 4 ,, ,, 
3. 3 4 98 
4. 2.5 2 96 
5. 2.2 ,, 93 
6. 2 4 75 
7. 2 22 52 






Scaling up the reaction by using 0.100 g of the substrate 28.1c also gave similar results 
(Table 3, entry 1-4).  The use of 2.5 eq or 3 eq of catecholborane did not show any significant 
difference.  The reaction gave high yield after 4 h reduction followed by ADR.  Therefore, 3 eq 
of catecholborane and 4 h reduction time were utilized as the optimum conditions.  We have also 
demonstrated the usefulness of the reaction by further scaling up the reaction to 0.4 g (entry 5). 
Entry Rxn scale (g) HB(OR)2 (eq) Time (h) Yield (%) 
1. 0.100 2.5 2 82 
2. ,, ,, 4 92 
3. ,, 3 2 80-82 
4. ,, ,, 4 92 
5. 0.400 ,, 4 85 














C. COMPARISIONS OF CONDITIONS FOR REDUCTION   
During the course of optimization, we have also utilized different reaction conditions for 
the reductive transposition of α,β-unsaturated hydrazones and compared the results.  For this 
purpose, we have employed four different substrates 28.1a-d (Figure 7).63  Firstly we examined 








Substrate 28.1a gave similar results (85-90 %) under both Qi’s and Rosini’s conditions 
(Table 4).  However, Qi’s conditions gave higher yield with substrate 28.1b.  When silica gel 
was replaced with p-toluenesulfonic acid in Qi’s condition, only the decomposition of the 
starting material occurred.  Further, the reaction gave a much lower yield from the 
reduction/ADR of hydrazone 28.1c compared to that of Qi’s conditions when acetic acid was 
utilized instead of p-toluenesulfonic acid in Rosini’s conditions (Table 4, entry 7) 





 Yield  







  (%) 
1. 28.1a Silica 
gel/CHCl3 
3 90 p-TsOH/THF 
 
2 85-90 
2.   ,, p-TsOH/CHCl3 
 
2a No productb        -   - - 
3.   ,, p-TsOH/THF 
 
1a ,, - - - 
4. 28.1b Silica 
gel/CHCl3 
 
 88c p-TsOH/THF 2 40 
5.   ,, p-TsOH/CHCl3 
 
1 No productb - - - 
6.   ,, p-TsOH/THF 
 
,, ,, - - - 
7. 28.1c Silica 
gel/CHCl3 
 
 92c CH3CO2H 1 58 
Table 4: Comparative results of reduction /ADR by using Rosini’s conditions and Our 
                       conditions  
    Note: 
     a = Catecholborane and p-TsOH were stirred at room temperature for about 6 h and then  
            substrate was added.  
      b = Desired product was not formed.  The reaction gave decomposition of the starting 
             material or an unidentified side product. 
      c = Results from Qi and McIntosh’s paper. 
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These results clearly show that Rosini’s conditions could be useful for diene hydrazone 
28.1a reduction; however, not suitable for the hydrazone 28.1b presumably due to strongly 
acidic conditions (Table 4 and 5).  Furthermore, we compared the cost effectiveness of the 
reducing agents i.e.; sodium cyanoborohydride and catecholborane.  Although, Rosini’s 
conditions offer more economic procedure using sodium cyanoborohydride, our conditions could 
be beneficial for the reduction/ADR of the acid sensitive substrates.  
 Reagent Cost of Reagent Acidity 
Our conditions HB(OR)2 $491.06/mol mild 
Rosini’s conditions NaCNBH3 $153.97/mol strong 
Table 5: Comparisions of conditions for reduction 
 
III. CONCLUSION 
We have developed the procedure for acyclic reductive transposition of α,β-unsaturated 
tosyl hydrazones to obtain alkenes with 1,4-stereocenters by successfully replacing silica gel 
with a well-defined protic acid.  Reaction optimization was also satisfactory since only 3 eq of 
catecholborane can be used to get high yield.  We have also demonstrated that this reaction 



































A. MECHANISM OF HYDRAZONE FORMATION 
Hydrazones are synthetic precursors to generate diazene intermediates in a number of 
organic reactions, including Wolf-Kishner reduction,1 allylic diazene rearrangement3 and 
Bamford-Stevens reaction.90   
Hydrazones are generally prepared by reacting aldehydes or ketones with hydrazine or an 
N-substituted hydrazine.  The mechanism of hydrazone formation follows the general scheme of 
the carbonyl addition reaction.91  The reaction mechanism depends on whether the conditions 
used are acidic, basic or neutral.92,93,94  Under neutral conditions, the reaction proceeds through 
attack of the hydrazine on to the carbonyl carbon to provide zwitterionic tetrahedral intermediate 
52.2 (Scheme 52).92  Proton transfer affords hemiaminal 52.4.  The rate determining step in the 
reaction involves loss of hydroxide affording hydrazone 52.5.   
Scheme 52 
The reaction mechanism of acid or base catalyzed hydrazonation is slightly different from 
that of uncatalyzed hydrazonation.  In the case of acid catalyzed reactions, protonation at the 
carbonyl oxygen takes place first, which facilitates carbonyl addition of the nucleophile (Scheme 
53).92,95,96  Deprotonation of intermediate 53.2 followed by dehydration gives the hydrazone 
52.6.  The dehydration is the rate determining step of the reaction.  The acid catalyzed 
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dehydration step is faster than that of the uncatalyzed step, resulting the change in rate 
determining step of the reaction.   
Scheme 53 
Similarly, the mechanism for base catalyzed hydrazonation is as follows (Scheme 54).92  
The pKa of hydrazine (R=H) is ca. 8.1, therefore base catalysis is preferable to enhance the 
nucleophilicity of the hydrazine.97  The reaction proceeds through deprotonation of hydrazine 
which subsequently attacks to the carbonyl group of 52.1 to give the intermediate 52.3.  
Protonation to 52.3 followed by dehydration forms hydrazone 52.6.  The rate determining step of 
the reaction is the loss of hydroxide of the tetrahedral intermediate 52.4.   
Scheme 54 
 
B. NMR ANALYSIS OF E- AND Z-HYDRAZONES  
Hydrazonation of ketones generally gives a mixture of E and Z isomers.  The E/Z 
selectivity of the hydrazones depends upon the reaction conditions and priorities.  The 
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configuration of hydrazones can be determined either by 1H NMR or 13C NMR spectroscopy.  In 
1967, Karabatos determined the configuration of N-methyl hydrazones by utilizing 1H NMR 
(Figure 8, Table 6).98  The E- and Z-geometry of aldehyde and ketone hydrazones were 
determined based on the chemical shifts of anti and syn protons attached to the corresponding 
carbon atom.  For example, the α-methyl and N-methyl substituents of the E-hydrazones appear 
upfield of the Z-hydrazones due to α-methyl group syn the NH group of hydrazone (Table 6).  






Chemical shifts Z-hydrazone Chemical shifts 
αCH3 βCH3 NCH3 αCH3 βCH3 NCH3 
1. 
 
8.22 - 7.16 
 
8.36 - 7.32 
2. 
 
- 9.04 7.17 
 
- 9.25 7.32 
3. 
 
- 8.98 7.19 
 
- 9.04 7.33 
4. 
 
8.35 9.01 - 
 
8.22 9.24 - 
Table 6: Chemical shifts of E- and Z-methyl hydrazones 
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Similarly, the configuration of methyl ketone tosyl hydrazones can be determined by 1H 
NMR based on the chemical shift of the methyl substituent.98,99  For Z-hydrazones of methyl 
ketones 9b, the α-methyl group resonates at 1.75-1.80 ppm while for E-hydrazones 9a, it is at ca. 
1.92 ppm (Figure 9). 
 
Figure 9 
Further, 1H NMR can be utilized to differentiate between E/Z geometry of carbethoxy α-
keto hydrazones (Figure 10).100  The NH proton of the Z-hydrazone 10b is more deshielded and 
shifted downfield compared to that of the E-hydrazone 10a due to the internal hydrogen bonding.  










The configuration of monophenyl hydrazones of benzoin were also determined by 
differentiating the chemical shift values of the NH proton (Figure 11).101  The NH proton of the 
E-hydrazone 11a resonates at ca. 8 ppm whereas that of the Z-hydrazone 11b shifts downfield 
due to the chelation of the NH  proton with oxygen. 
 
Figure 11 
Based on these chemical shift differences of the NH in E- and Z-hydrazones, our group 
has been able to differentiate the geometry of the α,β-unsaturated trisubsituted hydrazones 
(Figure 12).63  The sulfonamide proton of E-hydrazone 12a is found at ca. 8 ppm while that of Z-









Another important tool to determine the geometry of a variety of ketone hydrazones is 
13C NMR.  The chemical shift of the α-carbon syn to the imino group lies at 12-15 ppm while the 
α-carbon anti to the imino group shifts upfield and resonates at 3-6 ppm (Scheme 55).102,103  The 
configuration of hydrazones are therefore determined by taking the difference of the chemical 
shift of α-carbon of the corresponding ketone and the hydrazone.  
∆δ for syn-hydrazone=(δC α ketone)-(δC α imine) 
∆δ for anti-hydrazone=(δC α’ ketone)-(δC α’ imine) 
Thus calculated chemical shift difference for the α-carbon anti to the imino group is between 
















Traditionally, simple hydrazones were prepared from carbonyl compounds by Curtius 
and Pflug’s procedure.104  According to the procedure, a solution of anhydrous NH2NH2 in EtOH 
was added slowly to a stirring mixture of the ketone 56.1 and barium oxide, which was used as a 
dehydrating reagent for hydrazone preparation (Scheme 56).105,106  The reaction mixture was 
then heated under reflux for 5-14 h, depending on the substrate used.  The ketone hydrazones 
56.2 were obtained after extraction followed by distillation.  The low product yield (31-58 %) is 
presumably due to a side product azine, formed by condensation of 2 eq of ketone with 1 eq of 
hydrazine.  However, the author did not suggest a reason for obtaining low yield.  The 
configuration of the asymmetric ketone hydrazone was not reported (Table 7, entry 3).  
 
Scheme 56 











Table 7: Ketone hydrazones 
Freshly heated calcium oxide can be utilized instead of barium oxide as a dehydrating 
agent.  Szmant and McGinnis prepared hydrazones of a variety of benzophenones by heating a 
mixture of calcium oxide, ketone and hydrazine in EtOH under reflux, under the conditions of 
continuous removal of H2O (Scheme 57, Table 8).
91  After completion of the reaction, traces of 
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calcium oxide were removed by filtration and the solution was concentrated to obtain the diaryl 
hydrazones.  The electron rich benzophenone, Michler ketone (Table 8, entry 3) gave very high 
yield compared to other diaryl hydrazones.  The E/Z geometry of the hydrazone derived from 
asymmetric ketone was not reported (Table 8, entry 5).  
 
Scheme 57 

















Table 8: Benzophenone derived diaryl hydrazones 
Another variant of hydrazone preparation uses acid catalysis.  A variety of acids 
including CH3CO2H, p-TsOH, HCl, BF3.OEt have been used.
107  This type of acid catalyzed 
hydrazonation was employed with cyclic and acyclic ketones including hindered bicyclic ketones 
61 
 
such as camphor (Scheme 58).108  In a typical procedure, camphor hydrazone was prepared by 
mixing d-camphor (58.1), hydrazine and acetic acid in EtOH and heating under reflux for 4 h.  
After completion of the reaction, EtOH was removed under reduced pressure and the residue was 
diluted with ether.  Extractive work up followed by distillation under reduced pressure afforded 


















Hydrazones have also been prepared by using triethylamine as a catalyst.  Barton 
reported the preparation of a wide range of cyclic and acyclic ketone hydrazones 59.2 by treating 
the corresponding ketone 59.1 and hydrazine with triethylamine in EtOH (Scheme 59).110  The 
hydrazones were obtained after evaporation of solvent and drying over sodium sulfate followed 





Unlike the hydrazone preparations using dehydrating reagents or acid or base catalysts, 
cyclic and acyclic ketone hydrazones were also prepared by simply heating a solution of 
hydrazine and corresponding ketone under reflux in absolute MeOH (Scheme 60, Table 8).111  
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Extractive work up followed by distillation gave the pure hydrazones, but the author did not 
report the E/Z selectivity of the hydrazone formation (Table 9, entry 2-3).  The reaction most 
likely afforded the sterically favored E-hydrazone as the major isomer. 
 
Scheme 60 
























By utilizing a similar procedure, α,β-unsaturated hydrazones such as α-ionone and β-
ionone hydrazones were also obtained (Scheme 61).102  After heating a mixture of the 
corresponding ionone and hydrazine hydrate under reflux in EtOH, the reaction mixture was 
extracted with ether and dried with magnesium sulfate.  Evaporation of the solvent followed by 
recrystallization in MeOH afforded only the E-hydrazones.  The configuration of the E-
hydrazones 61.2 was determined by using 13C NMR as described previously.  
 
Scheme 61 
 These results demonstrate that preparation of unsubstituted hydrazones is possible either 
in presence or in absence of added acidic or basic catalyst. 
 
D. ARYLSULFONYL HYDRAZONES 
Similar to the simple hydrazones, arylsulfonyl hydrazones are also useful synthetic 
intermediates and have been used in organic chemistry for almost 60 years.112  Aryl sulfonyl 
hydrazones such as tosyl hydrazones are commonly prepared from carbonyl compounds and 
tosylhydrazide without using any acidic or basic catalyst.  In 1965, Shechter developed a 
procedure for aldehyde and ketone tosyl hydrazone preparation by warming a mixture of 
tosylhydrazide and the corresponding carbonyl compound in MeOH (Scheme 62).113  The 
product formed was recrystallized from MeOH.  Pure hydrazone was obtained after cooling the 
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reaction mixture to -70 °C and washing with petroleum ether.  The procedure worked for both 
cyclic and acyclic systems; however, some acyclic aldehyde tosyl hydrazones such as 62.2b 
decomposed on recrystallization.  Product yield and the configuration of the hydrazones were not 
reported since these hydrazones were directly utilized to prepare diazo compounds via lithium 
salt of tosyl hydrazones.  Nevertheless, these aldehyde hydrazones 62.a-d were likely obtained as 











 A variety of alkyl aryl or diaryl ketone tosyl hydrazones were also obtained by heating 
an equimolar mixture of corresponding carbonyl compound and tosylhydrazide in MeOH to 50 
°C for 12 h (Table 10).56  The tosylhydrazones crystallized upon cooling and were isolated by 
filtration.  These hydrazones were utilized for the reduction without purification; therefore the 
product yields and the E/Z selectivity of the hydrazones were not reported. 






















Hutchins’ report on hydrazone preparation is noteworthy since he demonstrated that 
hydrazone formation in DMF-sulfolane was very slow even at high temperature when hindered 
ketones such as di-t-butyl ketone were used as precursors.11  However, simply heating the ketone 
63.1 and tosylhydrazide in EtOH under reflux provided the corresponding hydrazone (Scheme 
63).  After cooling the reaction mixture, highly pure crystalline hydrazone was obtained.  These 
results suggest that protic solvent facilitates the hydrazone preparation, presumably due to 
hydrogen bonding to C=O, making the carbonyl group more electrophilic and the rate 
















Rosini prepared a series of aldehyde and ketone tosylhydrazones by utilizing MeOH or 
EtOH (Scheme 64, Table 11).114  These hydrazones were obtained in very high yield when a 
solution of tosylhydrazide and corresponding carbonyl compound were heated in MeOH or 
EtOH; however, he did not report E/Z configurations of the hydrazones.  
 
Scheme 64 




















Table 11: Tosyl hydrazones prepared by Rosini 
Surprisingly, Bertz and Dabbagh obtained only a 34 % yield of 
cyclohexanecarboxyaldehyde tosylhydrazone (cf. Table 11, entry 5) when Rosini’s procedure 
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was used.115  Further, they obtained only 16-36 % yield when Shechter’s conditions113 (warming 
a methanolic solution of tosylhydrazide and corresponding aldehyde or ketone) were followed 
for preparation of tosyl hydrazones from 3-methylpentanal and pivaldehyde (Table 12, entry 3-
4).  Therefore, they investigated different solvents or solvent combinations for hydrazone 
preparation and recrystallization. A 91 % pure cyclohexanecarboxaldehyde tosylhydrazone was 
obtained when Bertz’s improved procedure was employed (Table 12, entry 1).115  According to 
the improved procedure, the recommended solvent for aldehyde hydrazone preparation is MeOH 
or THF; however, THF gave the best result.  Similarly, ketone hydrazones were best prepared in 
diethyl ether so that they crystallize directly in analytically pure form.  These results clearly 
show that proper choice of solvent is necessary for hydrazone formation. Further, bulkier 
hydrazones such as trimyl hydrazones (2,4,6-trimethylbenzenesulfonyl hydrazones) and trisyl 
hydrazones (2,4,6-triisopropylbenzenesulfonyl hydrazones) were also prepared by utilizing a 
variety of aldehydes or ketones.  A mixture of E- and Z-isomers were also reported in some cases 
(entry 3-5), however, the ratio of these isomers were not mentioned.  




















Table 12:  Arylsulfonyl hydrazones prepared by Bertz’s improved procedure 
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Similar to Bertz’s procedure, Reese reported the preparation of aldehyde and ketone 
arylsulfonyl hydrazones.116  Aldehyde arylsulfonyl hydrazones were obtained simply by stirring 
a solution of aldehyde and corresponding hydrazide in methanol at room temperature.  However, 
a catalytic amount of concentrated HCl was added for ketone hydrazone preparation (Table 13).  
Acid catalysis was required for ketone hydrazone preparation due to decrease in reactivity of 
ketone compared to that of aldehyde.  Reported yields were a mixture of E- and Z-hydrazones; 
however, the ratio of these isomers was not reported. 















Table 13: Aryl sulfonyl hydrazones prepared by Reese 
Reese also found that the preparation of trisyl hydrazones afforded more stable 
hydrazones compared to tosyl hydrazones or trimyl hydrazones presumably due to bulkiness of 







This type of HCl-catalyzed ketone hydrazone preparation in acyclic systems has also 
been reported in 1970’s (Table 14).99  Both E and Z hydrazones were produced from 
hydrazonation, the E hydrazone being the major isomer in case of unsymmetrical ketones.  The 
E/Z ratio was determined by 1H NMR.98  














Table 14: Diastereoselectivity in ketone hydrazones 
Thus, methods to prepare a variety of cyclic and acyclic aldehyde or ketone hydrazones 













1. Tosyl Hydrazones from α,β-Unsaturated Carbonyl Compounds  
There are several reports in the literature describing the preparation of sulfonyl 
hydrazones of α,β-unsaturated ketones.  For example, Closs obtained α,β-unsaturated ketone 
tosyl hydrazones by heating a mixture of carbonyl compound and tosylhydrazide in MeOH, 
EtOH or benzene not exceeding 50 °C (Scheme 65, Table 15).117  These hydrazones were 
directly employed for synthesis of alkylcyclopropenes via base induced pyrolysis; no attempts 
were made to assign E/Z configuration of the hydrazones. 
 
Scheme 65 





















Sato and Watanabe also prepared α,β-unsaturated tosyl hydrazones from the 
corresponding carbonyl compounds.118  Mesitylene oxide hydrazone (Table 15, entry 2) was 
obtained by following Closs procedure (Scheme 65).117  Similarly, dyphone tosylhydrazone 66.2 
was obtained by heating a 1:1 mixture of dyphone 66.1 and tosylhydrazide in MeOH under 
reflux with a catalytic amount of concentrated HCl for 30 min (Scheme 66).  After cooling the 
solution to room temperature, filtration and recrystallization provided 84 % yield of pure 
hydrazone; however, the configuration of the hydrazone was not reported.  
 
Scheme 66 
In 1975, Hamon reported tosylhydrazone formation by heating a methanolic solution of 
2-methoxy-3-methyl-1-phenylbut-2-en-1-one and tosylhydrazide at 40 °C for 14 days (Scheme 
67).119  Despite the fact that the hydrazone formation was extremely sluggish, the report is 
significant for providing an α,β-unsaturated tosylhydrazone bearing a OMe substituent at the α-
position.  The author did not report any other attempts to obtain the hydrazone or provide any 






Similar to the acyclic α,β-unsaturated ketone hydrazones, Freeman prepared cyclic α,β-
unsaturated hydrazones by using cyclic ketones (Scheme 68).120  For this purpose, a methanolic 
solution of tosylhydrazide and corresponding carbonyl compound was heated for 5 h under 
reflux.  Then water was added to the warm reaction mixture and it was cooled to room 
temperature.  A precipitate was formed upon cooling which was separated by vacuum filtration.  
The reaction afforded 68-90 % yield as a mixture of the E- and Z-hydrazones; however, the ratio 













Shapiro et al also obtained a variety of α,β-unsaturated tosyl hydrazones by heating a 
solution of the corresponding cyclic ketone, tosylhydrazide and a catalytic amount of HCl in 
THF under reflux (Scheme 69).121  The hydrazones were utilized in situ for the synthesis of 
conjugated dienes via treatment with alkyllithium reagents.  The yield and the configuration of 










2. Tosyl Hydrazones from α-Hydroxy and α-Alkoxy Carbonyl Compound 
There are also a number of reports of tosyl hydrazones derived from α-hydroxy or α-
acetoxy ketones in organic synthesis. In early 1970, Rosini prepared α-acetoxybenzoin 
tosylhydrazone (70.2a) by allowing a solution of α-acetoxydeoxybenzoin (70.1a) and 
tosylhydrazide in EtOH to stand for 3 days (Scheme 70).122  However, α-acetoxy-1,3-
diphenylpropan-2-one tosyl hydrazone (70.2b) was obtained after 20 h, presumably due to less 

















Rosini subsequently prepared a variety of α-hydroxy and α-alkoxy benzoin tosyl 
hydrazones by heating methanolic solutions of benzoins and tosyl hydrazide (Table 16).57  He 
did not report the E/Z configuration of these hydrazones.  





























More recently Valdes prepared a variety of α-alkoxy tosyl hydrazones by stirring the α-
alkoxy ketone and tosylhydrazide for 2 h in dioxane at 70 °C (Scheme 71).123,124  The in situ 
generated tosyl hydrazones were subjected to the cross coupling reactions to afford 











Unlike the previously discussed procedures by using acid or base catalyst or heat, 
Lightner et al prepared hindered dialkoxy tosylhydrazone 71.2 by stirring ketone 72.1 and 
tosylhydrazide in anhydrous THF with 5 A° molecular sieves at room temperature for 24 h 
(Scheme 72).125  The method is noteworthy since it showed no epimerization and no deuterium 
loss during hydrazonation when deuterium labeled precursor was used.  They also found that 




3. α’-Alkoxy or α’-Hydroxy Tosyl Hydrazones from Ketones   
Recently, Qi and McIntosh prepared α’-alkoxy α,β-unsaturated hydrazones by reacting 
enones and tosylhydrazide in Ti(O-i-Pr)4 at room temperature (Scheme 73, Table 17).
63  The 





























Table 17: Tosyl hydrazones from α’-alkoxy α,β-unsaturated ketones 
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  Qi and McIntosh also reported one example of hydrazone preparation using microwave 
irradiation without any catalyst by reacting enone 74.1 with tosyl hydrazide in CH2Cl2 (Scheme 
74).72  The reaction gave only the E-hydrazone though the yield was a moderate 47%. 
 
Scheme 74 
  Further, McIntosh et al obtained the E-hydrazone only by reacting the enone 75.1 with 
tosylhydrazide and acetic acid in dichloromethane for 2 days (Scheme 75).73  The reaction 
provided 70 % yield of the E-hydrazone. 
Scheme 75 
  A different method has been used for the synthesis of α’-hydroxy α,β-unsaturated tosyl 
hydrazones.  Baptistella and Aleixo reported the preparation of a variety of α’-hydroxy α,β-
unsaturated tosyl hydrazones 76.3 by first preparing the α,β-unsaturated tosyl hydrazones 76.2 by 
heating the mixture of corresponding ketone 76.1 and tosylhydrazide in EtOH under reflux 
(Scheme 76, Table 18).126  Then the tosyl hydrazones 76.2 were lithiated with n-BuLi and 
exposed with molecular oxygen to obtain the desired α’-hydroxy α,β-unsaturated tosyl 
hydrazones.  The reaction afforded the Z-hydrazones in most cases presumably due to the 
hydrogen bonding (Table 18, entry 1-2,4). The diastereomeric ratios of the products were 
reported as below (Table 18, entry 1-3).  Although this procedure provided the α’-hydroxy α,β-
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unsaturated tosyl hydrazones, the reaction requires an organolithium reagent and cryogenic 
conditions, therefore may not be suitable for preparation of the highly functionalized substrates 
such as 74.2 and 75.2 (cf. Scheme 74-75). 
 
Scheme 76 
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4. Tosyl Hydrazones from Dicarbonyl Compounds 
Arylsulfonyl hydrazones derived from dicarbonyl compounds such as diketones, α-keto 
esters or β-keto esters are also important class of hydrazones in synthesis.  Butler prepared benzil 
tosyl hydrazone (77.2) by using a known procedure in which a mixture of benzil and 
tosylhydrazide was heated under reflux in EtOH (Scheme 77).127,128  The pure E-hydrazone 77.2 
was obtained simply by recrystallization in EtOH.  The geometry of the hydrazone was 
determined by 1H NMR analysis.  
 
Scheme 77 
Colby reported the synthesis of the acyl tosyl hydrazone from norcamphorquinone by 
adding a solution of tosylhydrazide and hot glacial acetic acid to the cold mixture of diketone 
78.1 and acetic acid (Scheme 78).129  The precipitated hydrazone 78.2 was obtained after 
overnight cooling.  The crude product was purified by washing with water and recrystallization 







Acyl tosyl hydrazone derivative 79.2 was formed by simply stirring a solution of an 
equimolar amount of tosylhydrazide and the diketone 79.1 in dichloromethane at room 
temperature for 2 days (Scheme 79).130  The reaction gave 90 % of the acyl Z-hydrazone 79.2 
which was utilized as an intermediate for the synthesis of isosteviol derivatives. 
 
Scheme 79 
Hayes et al prepared a wide range of arylsulfonyl hydrazones 80.2 from inexpensive 
dicarbonyl compounds by using Reese’s protocol,116 i.e. stirring a methanolic solution of 
tosylhydrazide and corresponding dicarbonyl compound 80.1 at room temperature (Scheme 80, 
Table 19).131  Toluene or EtOH was also used as solvent in some cases.  Without determining E/Z 
configuration, these hydrazones were utilized to access α-alkoxy or α-amino acid derivatives 










































Similarly, a variety of tosyl hydrazones of β-keto esters 81.1 were obtained by treating 
their corresponding carbonyl compounds with tosylhydrazide in ether, methanol or ethanol 
(Scheme 81).132  The reaction afforded a mixture of E-81.2a and Z-81.2b hydrazones, however 




E. ACYL HYDRAZONES 
Similar to the tosyl hydrazones, the acyl hydrazones are commonly prepared by the 
condensation of aldehyde or ketones and acylhydrazines in presence or in absence of a 
catalyst.133  These compounds are purified easily by recrystallization.  A variety of acyl 
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hydrazones can be obtained by employing different acylhydrazines such as acetylhydrazine, 
phenylhydrazine, etc.134   
Acetyl hydrazones 82.2 were prepared by treating the ketones 82.1 with acetylhydrazide 
and sodium sulfate at room temperature (Scheme 82, Table 20).135  After completion of the 
reaction, the mixture was treated with dichloromethane and sodium sulfate was separated by 
filtration.  Concentration of the solution in vacuo provided crystals of the acetyl hydrazones.  
The configuration of the acyl hydrazones were determined by crystallography; however, the E/Z 
ratio of some hydrazones (entry 2) was not reported. 
 
Scheme 82 














Table 20: Acetyl hydrazones 
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Warkentin prepared a variety of acyl E-hydrazones by employing two different sets of the 
reaction conditions (Scheme 83, Table 21).136,137  The acyl hydrazones 83.2a-c were obtained by 
heating a mixture of corresponding ketones with acylhydrazine in EtOH and 5 mol % of acetic 
acid.  Acyl hydrazones 83.2d-h were prepared from the mixture of ketones and acylhydrazine 
under the conditions of the continuous removal of water by using Dean-Stark trap.  These 























































Tiecco et al prepared the ketone acyl hydrazone 84.2 by heating the mixture of ketone 
84.1 with acylhydrazine and molecular sieves in benzene under reflux for ca. 5 h (Scheme 84).138  
The E-isomer was obtained as a pure product simply after removal of the solvent; however, the 
author did not report the product yield.  
 
Scheme 84 
In 1989, Chiba prepared benzoyl and acetyl hydrazones 85.2 by mixing ketones 85.1, 
hydrazine and a few drops of acetic acid in MeOH and heating to reflux for about an hour 
(Scheme 85).139,140  The crystalline acyl hydrazones 85.2 were obtained in quantitative yield after 
recrystallization in MeOH or in the mixture of benzene and petroleum ether.  The E/Z 





Wu also prepared acetyl hydrazones and benzoyl hydrazones from aliphatic ketones by 
heating the mixture of the ketone and the corresponding hydrazine in hexane under reflux for 4 h 
(Scheme 86, Table 22).16  The reaction provided 82-96 % product yield; however, the author did 
not report the configuration of these hydrazones.  
 
Scheme 86 

























Burk et al prepared a series of benzoyl hydrazones from the reaction of ketones and 
benzoylhydrazide with a catalytic amount of concentrated HCl in THF (Scheme 87).141,142  The 
precipitate was filtered and washed with THF, ether and pentane to obtain the hydrazones.  The 
reaction gave 64 % of hydrazone 87.2a as a 5:1 E:Z mixture.  However, the authors did not 
provide the yields and the E/Z ratios of the other hydrazones, but they were likely similar. 
Scheme 87 
Leighton obtained a variety of benzoyl hydrazones by preparing a solution of the ketones, 
benzoyl hydrazide and acetic acid in 1:5 mixture of methanol: hexane (Scheme 88).143  The 
reaction mixture was heated under reflux for 12 h.  Recrystallization with toluene provided the 
E-hydrazones in most cases (Table 23, entry 1-5); however, the reaction provided a 3.8:1 E/Z 






































F. YNONE HYDRAZONES 
Ynone hydrazones are readily prepared by the reaction of acetylenic ketones (or ynones) 
with hydrazines (Scheme 89).144  Ynone hydrazones are commonly used as intermediates in the 
synthesis of pyrazoles, which have been studied for more than a century.  
 
Scheme 89 
In 1982, Danheiser et al reported the preparation of an ynone hydrazone by stirring a 
mixture of the silylated acetylenic ketone and tosylhydrazide in ether at 25 °C for 14 days 
(Scheme 90).145  Crystals of the ynone hydrazones were obtained after recrystallization in 95 % 
EtOH.  However the authors did not specify the E/Z configuration of the hydrazone.  The 
reaction most likely provided the Z-configuration of the hydrazone 90.2 because the hydrazone 









A variety of silylated ynone hydrazones were also prepared by heating an ethanolic 
solution of the corresponding ketones and methylhydrazine or phenylhydrazine under reflux 
(Scheme 91, Table 24).146  Either acetic acid or sodium acetate was used as a catalyst for the 
reaction.  The completion of the reaction was monitored by TLC and extracted with a mixture of 
dichloromethane and water.  Purification by column chromatography provided the desired 
hydrazones.  The E/Z configuration of the ynone hydrazones was not determined.  
 
Scheme 91 


















Although the reaction of silylated acetylenic ketone with hydrazine provided the ynone 
hydrazones, the reaction was complicated by formation of a pyrazole when methylhydrazine was 
used (Scheme 92).  The cyclization was avoided by utilizing the bulkier phenylhydrazine (cf. 
Table 24, entry 2). Further, a bulkier silyl group was used to suppress pyrazole formation (cf. 
Table 24, entry 1, 3-4).  The formation of the pyrazole derivatives or the ynone hydrazones 
depends upon the nature of the substituents of the hydrazine or the silyl group. 
 
Scheme 92 
McMohan also demonstrated that the use of the bulkier substituent in the hydrazonation 
of acetylenic ketone 93.1 prevented the cyclization (Scheme 93).147,148  The reaction of the 
ketone with tosylhydrazide afforded 54 % yield with 3:1 ratio of the ynone hydrazone 93.2 and 
the pyrazole derivative 93.3.  Whereas, the reaction provided only the ynone hydrazone 93.4 
when the bulkier trisyl hydrazide (2,4,6-triisopropylbenzenesulfonyl hydrazide) was utilized.  





Sarpong et al prepared the more functionalized α-hydroxy β,γ-unsaturated ynone 
hydrazone by stirring a solution of the ketone and tosylhydrazide in MeOH for 24 h (Scheme 
94).149,150  The pure E-hydrazone was obtained after column chromatography.  Thus prepared 




















G. N-DISUBSTITUTED HYDRAZONES 
Similar to other hydrazones including simple hydrazones, arylsulfonyl hydrazones and 
acyl hydrazones, N-disubstituted hydrazones have also been in use in organic chemistry.  A 
variety of N,N-ditosyl hydrazones were obtained by first preparing monotosylhydrazones from 
the corresponding ketones (Scheme 95).151  Then the monotosyl hydrazones 95.2 were treated 
with sodium hydride and toluenesulfonyl chloride at room temperature.  The reactions gave only 
19-49 % yields; however, these results were reported without further optimization.  The E/Z 
configuration of the hydrazones 95.3e,3g were not reported.  These hydrazones were utilized to 





Another method for N-disubstituted hydrazone preparation was developed by Bildstein, 
in which a dimer or oligomer of N-dimethylaluminium N’,N’-dimethylhydrazide 96.1 was 
obtained first from a reaction of trimethylaluminium with hydrazine in toluene (Scheme 96).152  
Heating a solution of N-dimethylaluminium N’,N’-dimethylhydrazide 96.1 and ferrocenyl ketone 
96.2 in toluene under reflux gave the disubstituted hydrazones 96.3.  Further treatment of 
hydrazone 96.3 with anhydrous NH2NH2 afforded N-unsubstituted hydrazone 96.4.  Although 
this method utilizes the pyrophoric trimethylaluminium reagent, it is useful to prepare 
hydrazones from stubborn ketones such as ketone 96.2.  The method was developed after all 
other attempts to prepare the hydrazone such as acid or base catalysis, high temperatures, 
anhydrous conditions, etc. failed.  
Scheme 96 
Different reaction conditions have been developed for hydrazone preparation, such as 
acid or base catalysis, anhydrous reaction conditions, high temperature, different solvents, etc. 
However a general stereoselective synthesis of E- or Z-hydrazones from unsymmetrical ketones 
is yet to be established.  Therefore, it would be noteworthy to overview oxime preparation for 
unsymmetrical ketones due to their structural similarity to hydrazones.   
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H. OXIMES  
1. Preparation of E- and Z-Oximes 
Similar to hydrazones, oximes are readily obtained from carbonyl compounds.  Both 
cyclic and acyclic oximes are commonly prepared by treating the carbonyl compound with 
NH2OH.HCl and pyridine or sodium acetate (Scheme 97).
153  Usually, both E- and Z-oximes are 
obtained with unsymmetrical ketones.  
 
Scheme 97 
Since E- and Z-oximes have different physical properties and biological activities,154 it 
may be necessary to obtain the desired isomer specifically.  Generally, the desired isomer is 
isolated by chromatography or recrystallization.  There are a numerous reports on oxime 
preparation using the procedure described above.  Following are some of the representative 










In 1987, Kibayashi prepared acyclic alkoxy ketone oximes by treating the corresponding 
ketone with NH2OH.HCl and pyridine at room temperature (Scheme 98).
60  The reaction worked 
for both α-alkoxy ketone and α,β-dialkoxy ketones.  However, he reported neither the product 
yield nor E/Z configuration of oximes. 
 
Scheme 98 
Hiyama and Fujita obtained a 1:1 ratio of E-99.2 and Z-99.3 oximino ethers from a 
reaction between 2-acetoxy-1-phenyl-1-propanone 99.1 and pyridine in THF (Scheme 99).59  
After extractive work up, these isomers were separated by preparative TLC and the geometry of 
E- and Z-isomers were determined by 1H NMR.  Chemical shifts of the CH3 group of E-oxime 
99.2 and Z-oxime 99.3 are found to be at 1.39 ppm and 1.60 ppm respectively.  In general, the 






Williams et al reported the preparation of various α-hydroxy oximino ethers by treating 
α-hydroxyl ketone with NH2OBn (Scheme 100, Table 25).
61  After chromatographic separation, 
the E- and Z-geometry of the pure isomers were established by 13C NMR.  The chemical shifts of 
the α-carbon syn to the benzyloxy group shifts upfield compared to the α-carbon anti to the 
benzyloxy group due to steric compression.  The reaction afforded only the E-oximes in some 




















































Palani prepared oximes by stirring a mixture of ketone 101.1, NH2OR.HCl and sodium 
acetate in MeOH at room temperature for 24 h (Scheme 101).155  The reaction gave a 94 % of the 
mixture of the E- and the Z-oximes; however, the ratio of these isomers were not reported.  The 
desired Z-oxime 101.2 was isolated by chromatography.  Then it was utilized as an intermediate 
for the synthesis of oximino-piperidino-piperidine amides, a potentially new candidate for 
















Hoffman developed a method for the synthesis of oximes in which carbonyl compounds 
102.3 were reacted with potassium salt of N,O-bis(trimethylsilyl)hydroxylamine 102.2 to give 
oximate anions 102.4 (Scheme 102).156  The anions 102.4 could be protonated to make oximes 
102.5 or trapped in situ with electrophiles to give O-substituted oxime derivatives 102.6.  The 













A recent develpement in oxime preparation was reported by Sridhar in which microwave 
heating was utilized (Scheme 103).157,158  Various oximes were prepared by microwave heating 
of a methanolic solution of carbonyl compound, acetoxyhydroxamic acid (AHA) and Lewis acid 
such as BF3.Et2O as catalyst (Table 26).  Although he did not report the E/Z configuration of the 
oximes, he compared the results obtained from microwave heating with that of conventional 
heating.  The reactions using microwave irradiation were complete within a few minutes and 
provided better product yields.  These results suggest that microwave heating may be a better 





Oxime Conventional heating Microwave heating 
yield  % min yield  % min 
1. 
  
80 240 87 7 
2. 
  
80 270 87 ,, 
3. 
  
85 210 93 ,, 
4. 
  
80 240 86 8 
5. 
  
83 ,, 90 ,, 
Table 26: Comparative study of conventional heating and microwave heating 
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There are also a few examples of stereoselective synthesis of oximes reported.  Heller 
and Zvilichovsky described the preparation of Z-oxime 104.2 by simply heating a solution of 
aryl aldehyde 104.1 and hydroxylamine hydrochloride under reflux in MeOH (Scheme 104).159  
After completion of reaction, the reaction mixture was treated with cold water and recrystallized 
from ether.  Only 35 % Z-benzaldoxime (R=H) was obtained from benzaldehyde while 70 % and 
80 % Z-oximes were formed from 4-methoxybenzaldehyde and 2,4-dimethoxybenzaldehyde 
respectively.  A low product yield in benzaldoxime preparation could be due to the low basicity 














More importantly, Sharghi selectively synthesized E-oxime 105.2 (aryl group anti to OH) 
and Z oximes 105.3 (aryl group syn to OH) by using CuSO4 and K2CO3 respectively (Scheme 
105).160  However, the author did not provide any reason for the selectivity.  The preparation of 
the E-oxime 105.2 by using CuSO4 was successful only when the aryl aldehyde 105.1 was 
utilized (Scheme 105, eq. 1).  There was no reaction when the same reaction conditions were 














Rusisnka-Roszak et al performed various computational methods including HF/6-31G** 
to study the hydrogen bonding in different configuration of a simple oxime.161,162  These 
calculations predicted that 1a is more stable than 2a by 1.09 kcal/mol (Figure 13), suggesting 













II. RESULTS AND DISCUSSION 
A. PREPARATION AND DIASTEREOSELECTIVITY OF TRISUBSTITUTED 
ALKENE HYDRAZONES 
As discussed previously, Qi and McIntosh reported the preparation of trisubstituted 
alkene hydrazones by employing two different sets of reaction conditions.  The most general 
procedure for the preparation of hydrazones 28.1 involved the reaction of the enone with tosyl 
hydrazide and neat Ti(O-i-Pr)4 at room temperature (cf. Scheme 73).
63  The resulting hydrazones 
were mixtures of E- and Z-isomers, E- being the major isomer.  Furthermore, Qi and McIntosh 
prepared a hydrazone 74.2 using microwave irradiation without any catalyst by reacting the 
enone 74.1 with tosyl hydrazide in CH2Cl2 (cf. Scheme 74).
72  The reaction was noteworthy since 
it gave only the E-hydrazone. 
Since microwave irradiation provided better diastereoselectivity in hydrazone 
preparation, we utilized the microwave conditions for preparation of hydrazones 28.1 from 
trisubstituted alkene enones 73.1 (Scheme 106).63  The reaction gave only the E-hydrazone, 
therefore provided better selectivity compared to the hydrazones prepared from Ti(O-i-Pr)4 






In order to better understand the reasons for the observed E-selectivity, molecular 
modeling of simplified hydrazones was performed.  To avoid confusion due to priority changes, 
the sulfonamide group anti to R group will be referred to the trans-hydrazones whereas the 
sulfonamide group syn to R group as the cis-hydrazones.  Hartree-Fock calculations (HF/6-
31G*) of the simplified trisubstituted hydrazones show that cis-hydrazone is by far the higher 
energy isomer for R=Me due to the steric interaction caused by the isopropyl group and the 
sulfonamide group, which means the trans-hydrazone would be thermodynamically favored 
(Figure 14).  However, the cis-hydrazone is slightly preferred for R=OMe, presumably due to 
internal hydrogen bonding.  Thus, these calculations suggest that hydrazone formation for the α-
alkoxy enones under either set of reaction conditions is under kinetic control. 
 
Figure 14 
     
B. TETRASUBSTITUTED ALKENE HYDRAZONES  
As discussed previously in the first chapter, Qi and McIntosh prepared hydrazones of 
trisubstituted enones and utilized them to afford disubstituted E-alkenes with alkoxy and alkyl 
stereocenters at the allylic positions (cf. Scheme 28).63  Either 1,4-syn or 1,4-anti diastereomers 
can be prepared by using the appropriate alkene stereoisomers of the hydrazones.  The extension 
of the method to tetrasubstituted α,β-unsaturated hydrazones would afford trisubstituted alkenes 
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in the reduction/ADR (Scheme 107).  We anticipated obtaining tetrasubstituted hydrazones 33.1 




1. Synthesis of Tetrasubstituted Enones  
Qi and McIntosh used lactic acid and mandelic acid derived Weinreb amides 108.1 and 












Stork et al have reported the reaction of a tetrasubstituted vinyl bromide 109.1 with t-
BuLi at –78 °C to give the corresponding vinyl lithium intermediate (Scheme 109).163  Addition 
of dimethylformamide gave an unsaturated aldehyde 109.2 in 82 % yield.  Similarly, 
cyclohexanecarboxaldehyde was added to the vinyl lithium intermediate to obtain the 
corresponding carbinol 109.3.  
 
Scheme 109 
Therefore we attempted to prepare tetrasubstituted enones from an E-bromide by metal-
halogen exchange with t-BuLi followed by reaction with Weinreb amides (vide infra).  The E-










1.1 Preparation of E-Bromide  
The E-bromide 110.5 was prepared in 4 steps in an overall yield of 29 % (Scheme 110).  
The first two steps are known reactions.164  Tiglic acid undergoes bromination to give α,β-
dibromo-α-methylbutyric acid 110.2 in 86-90 % yield after crystallization.  Dehydrobromination 
of dibromide 110.2 gave β-bromoangelic acid 110.3.  LiAlH4 reduction of the carboxylic acid 















1.2. Preparation of Weinreb Amides  
Weinreb amides 108.1a and 108.1b were prepared using known procedures (Scheme 
111).63  Firstly, the alcohol oxygen was protected as the benzyl ether.  The resulting ester was 
converted to the amide via the mixed anhydride.  In the case of lactic acid derived amide 108.1b, 













1.3 Attempts to prepare the Enones 
The reaction of vinyl bromide 110.5 with n-BuLi at –78 °C followed by addition of 
Weinreb amide 108.1a afforded only the ketone 112.1 resulting from addition of BuLi to the 
Weinreb amide (Scheme 112).  Even after 4 h of exposure of vinyl bromide 110.5 to n-BuLi at   
–78 °C, no metal-halogen exchange product was observed. 
 
Scheme 112 
Entry n-BuLi (eq)  Results 
1. 1.1 112.1 
2. ,, ,, 
3. 1.0 ,, 
4. 2.0 No reaction 










Similarly, the addition of Weinreb amide 108.1 to a mixture of vinyl bromide 110.5 and 
t-BuLi gave the t-butyl ketone side product 113.1 (Scheme 113).  Vinyl bromide 110.5 was also 
treated with t-BuLi under a variety of reaction conditions.  The reaction was carried out between 
–78 °C to room temperature.  However, there was no metal-halogen exchange between vinyl 
bromide and t-BuLi.  No product of Li/Br exchange was ever isolated (Table 17, 28).  Vinyl 
bromide 110.5 was invariably recovered from the reaction mixture. 
 
Scheme 113 
Table 28: Reaction of vinyl bromide 110.5 with t-BuLi 
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1.4 Preparation of E-Iodide  
 Due to the lack of reactivity of E-bromide 110.5, we converted it to the more reactive E-
iodide 114.1 (Scheme 114).165  The reaction was carried out in a Schlenk tube with 5 mol % of 
CuI, 10 mol % of N,N-dimethyethylene diamine, 1.5 eq of NaI and n-BuOH as a solvent at 120 




1.5 Preparation of the Enones 
Gratifyingly, the α,β-unsaturated enones were prepared by metal-halogen exchange of E-
iodide 114.1 with t-BuLi followed by the addition of Weinreb amide 108.1a or 108.1b to give 






2. Attempts to make Tetrasubstituted Alkene Hydrazones  
As mentioned previously, the experimental results from trisubstituted hydrazone 
preparation and Hartree-Fock calculations (HF/6-31G*) of the simplified trisubstituted 
hydrazones showed that the preference of E-selectivity is under kinetic control (cf. Figure 14).  
We also utilized molecular modeling for the tetrasubsituted hydrazone preparation and compared 
the results with that of the trisubsituted hydrazones (Figure 15).  The trisubstituted trans-
hydrazone is lower in energy than the cis-hydrazone by 2.0 kcal/mol.  Similarly, the trans-
hydrazone is favored by 2.3 kcal/mol over the corresponding cis-hydrazone in tetrasubstituted 
alkenes (R=Me).  This evidence suggests that the hydrazone formation reaction would afford E-
hydrazone as a major isomer in tetrasubstituted alkenes as well. 
 
Figure 15 
Based on these results, we reasoned that the same kinetic selectivity as in trisubstituted 
alkene hydrazones for the E-isomer would occur for the reaction with tetrasubstituted enones. 
We initially utilized microwave irradiation for tetrasubsituted hydrazone preparation (Scheme 
116).  When a mixture of enone 107.1a and tosylhydrazide in CH2Cl2 was irradiated under 
microwave at 40 °C for 30 minutes, no reaction occurred.  After 18-24 h, the reaction afforded a 
1:1 mixture of E- and Z-hydrazone and another unidentified product.  We next treated enone 
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107.1a treated with 1.1 eq of Ti(O-i-Pr)4 and tosyl hydrazide under microwave irradiation for 24 
h.  The reaction provided the same mixture as before.  
Proton NMR was used to identify the E- and Z-hydrazones.  The chemical shifts of 
sulfonamide proton in the E- and Z-isomers were approximately at 8 ppm and 10 ppm, 
respectively.100  However, we were unable to separate the E- or Z-isomers.  NMR data also 
showed other inseparable impurities.  Several different reaction conditions were utilized for 
hydrazone preparation; however, all of them gave the same mixture (Table 29). 
Scheme 116 
Entry Time (h) Temp. (°C) Power (w) Solvent Ti(O-i-Pr)4 (eq) 
 
Results 
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We have also attempted to make hydrazones by using other hydrazides such as the more 
nucleophilic t-butyl hydrazine hydrochloride and t-butyl carbazides (Scheme 117).166  Different 
reaction conditions mentioned below were tried; however, none of them gave the desired 
product.  The reaction gave a mixture of several products, which we were unable to separate.  












We reasoned that removal of the benzyl group might help to overcome the steric issues in 
hydrazone formation.  In addition to this, the hydrogen bonding between the sulfonamide 
nitrogen and hydroxyl group might help to form the hydrazone.  Therefore we attempted 
hydrogenolysis of enones 107.1a or 107.1b over Pd/C; however, we recovered only starting 












Another strategy to prepare the hydroxy ketone was by using a more easily removable 
protecting group.  Therefore our next step was preparation of TBS protected amide 119.2.  First, 
hydroxy amide 119.1 was prepared by debenzylation of amide 108.1b168,169 and protected with 
TBSCl (Scheme 119).  Enone 120.1 was prepared by using amide 119.2 and vinyl iodide 114.1 
(Scheme 120).  However, cleavage of the TBS group was not successful under a variety of 






After several attempts to prepare and purify the tetrasubstitued hydrazones, we realized 
that the low yield and stereoselectivity in forming the hydrazone presumably due to the highly 
sterically hindered nature of the molecule, would make the method unsatisfactory in applications 





C. α,β-UNSATURATED YNONE HYDRAZONES 
As described in the first chapter, our next strategy was to utilize α,β-unsaturated ynone 
hydrazones to further expand the ADR methodology in acyclic system.  We anticipated that 
ynone hydrazone 34.2 could be used as an intermediate for the synthesis of (bis)-alkoxy alkene, 
alkoxy amine alkene or diol alkene 34.5 with 1,4-stereocenters (Scheme 121).  Ynone 













1. Preparation of α,β-Unsaturated Ynone 
Firstly, α,β-unsaturated ynones 34.1 were prepared by deprotonation of TBS protected 
propargylic alcohol 122.1 with n-BuLi followed by treatment with Weinreb amides (Scheme 




2. Preparation of α,β-Unsaturated Ynone Hydrazones 
Based on the literature, the reaction between α,β-unsaturated ynones and hydrazine may 
give a mixture of the ynone hydrazone and a pyrazole.144,145  Nevertheless, we sought to prepare 
the hydrazones by utilizing microwave irradiation of a mixture of ynone 34.1 and tosylhydrazide 
in CH2Cl2 (Scheme 123).  The reaction afforded a mixture of α,β-unsaturated ynone hydrazone 
34.2 and pyrazole 123.1 as a side product.172  After chromatography, we obtained ca. 5:1 ratio of 







The formation of ynone hydrazone and pyrazole depends on the nature of the substituents 
of the hydrazine and silyl group.146,147  In general, bulkier substituents help to prevent cyclisation 
of hydrazones.  Therefore, we utilized trimylhydrazide (2,4,6-trimethyl sulfonylhydrazide) to 
prepare the ynone hydrazone 124.2 (Scheme 124).  The formation of ynone trimyl hydrazone 




D. ATTEMPTS TO PREPARE β-ALKOXY AND β-AMINO α,β-UNSATURATED 
ENONE HYDRAZONES FROM α,β-UNSATURATED YNONE HYDRAZONES 
After preparing the ynone hydrazones, our next step was to employ them in 1,4-additions 
to prepare α,β-unsaturated enone hydrazones 34.4, precursors to alkenes 34.5 (Scheme 125).  
Although we were unable to find close precedent for the 1,4-addition to ynone hydrazones, we 




At first, we treated α,β-unsaturated ynone hydrazone 34.2 with NH2OH.HCl in the 
presence of base in the hope of obtaining the addition product 34.4a (Scheme 126).  However, 
the reaction only gave pyrazole derivative 123.1. 
 
Scheme 126 
We also utilized trimyl hydrazone 124.2 hoping to obtain the 1,4-addition product 
(Scheme 127).  However, both pyrrolidine and 3,5-dimethyl pyrazole gave only pyrazole 




To avoid the cyclisation of ynone hydrazone, we attempted to protect the sulfonamide 
nitrogen with a TBS group by following Myers’ protocol (Scheme 128).45  The reaction gave 
only the pyrazole 123.1 instead. 
 
Scheme 128 
Pyrazole formation might be due to the acidity of the sulfonamide proton.  McMahon 
reported cyclisation of acetylenic tosylhydrazones as a general problem even during 
chromatography by using silica gel, acidic or basic alumina.147,148  Considering the fact that the 
cyclisation of ynone hydrazones is a common problem, we decided to utilize an alternative 









E. ATTEMPTS TO PREPARE α,β-UNSATURATED ENONE HYDRAZONES FROM 
α,β-UNSATURATED ENONES 
An alternative strategy could be used to prepare alkenes 34.5 by employing α,β-
unsaturated enone hydrazone (Scheme 129).  Enone hydrazone 34.4 could be obtained by first 
preparing α,β-unsaturated enone 34.3 from 1,4-addition to ynone 34.1 and then utilizing the 












1. Preparation of α,β-Unsaturated Enone from Ynone 
Synthesis of α,β-unsaturated enone 34.3 could be possible by 1,4-conjugate addition to 
α,β-unsaturated ynone 34.1.  There is also a close precedent for this type of reaction reported by 
Scheidt in which an N-heterocyclic carbene (NHC) was utilized as a catalyst (cf. Scheme 36).75  
We employed the same reaction conditions to prepare the desired enone 34.3 from ynone 34.1 
and BnOH (Scheme 130).  No reaction was observed at room temperature.  The reaction gave a 
complex mixture of products on heating to 60 °C.  Similarly, a complex mixture was formed 
when methyl lactate was used as a nucleophile at room temperature.   
 
Scheme 130 
However, the desired product 34.3a was obtained simply by stirring a reaction mixture of 
ynone 34.1 and BnOH under basic conditions at room temperature (Scheme 131).75  The reaction 
gave only ca. 25 % yield with some impurities even after purification.  Optimization of the 
reaction conditions by using lower temperature, -78 to 0 °C, did not improve the yield.  The 






Another 1,4-addition reaction was reported in which a variety of alcohols were added to 
butynoate 38.1 by using trimethylphosphine as a nucleophilic catalyst (cf. Scheme 38).77  The 
reaction provided ca. 97:3 mixture of the E- and Z-isomers.  Based on these results, we decided 
to attempt a DABCO (1,4-diazabicyclo[2.2.2] octane) catalyzed conjugate addition to our 
substrate 34.1 (Scheme 132).174  BnOH and (S)-Methyl lactate were employed for this purpose.  
The reactions gave better yield compared to the previous conditions using triethylamine (cf. 
Scheme 131).   
 
Scheme 132 
Our next strategy was to use MeOH simply to study the behavior of our substrate 34.1 
towards conjugate addition of common alcohols.  Conjugate addition of methanol175 to ynone 
34.1 with K2CO3 at room temperature gave the desired adduct 34.3c; however, the product was 
accompanied by ketal 133.1 resulting from double addition of MeOH to α,β-unsaturated ynone 
34.1 (Scheme 133).  We were not able to isolate the desired product by chromatography.  Lower 
temperature (0-5 °C) and shorter reaction time (2-4 h) were also tried to avoid the side product; 
but all of them gave a mixture.  However, longer reaction time (22 h) afforded ketal 133.1 as the 
only product.  We also attempted acid catalyzed elimination to obtain pure 34.3c, but the reaction 
gave a complex mixture.  Proton NMR of the crude reaction mixture showed cleavage of the 





We have also utilized nitrogen containing nucleophiles such as pyrrolidine and 3,5-
dimethyl pyrazole.173  Stirring a solution of ynone 34.1 and pyrrolidine in CH2Cl2 for 24 h 
afforded the corresponding enone 34.3d but only ca. 50 % yield (Scheme 134).  Proton NMR 









The reaction with 3,5-dimethyl pyrazole gave a mixture of two isomers, presumably E- 
and Z-isomers (Scheme 135) which were separated by chromatography.  The configuration of the 




















2. Attempts to Prepare α,β-Unsaturated Hydrazone from α,β-Unsaturated Enone 
After preparing α,β-unsaturated enones, we envisioned utilizing the corresponding enones 
for hydrazonation (Scheme 136).  At first, we attempted to prepare α,β-unsaturated hydrazone 
34.4 by treating enone 34.3a with tosylhydrazide under microwave irradiation.  We obtained 
only the pyrazole product 123.1 instead of the desired hydrazone.  Further, the acid catalyzed 
hydrazonation with acetic acid or Ti(O-i-Pr)4 did not provide the expected product.  All of these 











We also employed α,β-unsaturated enone 34.3b for hydrazone preparation under 
microwave irradiation; however, only pyrazole 123.1 was isolated with recovery of ca. 12 % 
starting material (Scheme 137).   
 
Scheme 137 
All the attempts to prepare α,β-unsaturated hydrazone were unsuccessful due to 













F. REEXAMINATION OF THE HYDRAZONE PREPARATION 
 As mentioned earlier in the first chapter, the E/Z configuration of the hydrazone is 
important in reductive transpositions, since only the E-hydrazone underwent reduction using 
catecholborane or sodium cyanoborohydride.  We surveyed a variety of reaction conditions in 
the hope of maximizing the E-selectivity.  Firstly, O-benzyl benzil hydrazone was prepared by 
treating O-benzyl benzil with tosyl hydrazide and Ti(O-i-Pr)4 (Scheme 138).  Secondly, O-benzyl 
benzil hydrazone was prepared by microwave irradiation of a mixture of O-benzyl benzil and 
tosyl hydrazide in CH2Cl2.  These reactions gave a E/Z mixture of hydrazones, E-41.1a, being 
the major isomer.  These results are consistent with those we obtained in preparation of the α,β-










The E-selectivity in the hydrazone formation under first set of reaction conditions may 
result from a titanium chelated intermediate (Figure 16).  Related bidentate chelated 
intermediates have been proposed in other Lewis acid mediated reactions.  For example, 
Yamamoto proposed the formation of chelated intermediate from the reaction of α-imino ester 
139.1 with Ti(O-i-Pr)4 (Scheme 139).






Titanium chelate 140.2 was proposed by Ramanjulu, as an intermediate in the formation 







The hydrazonation under Ti(O-i-Pr)4 mediated reaction likely follows a general Lewis 
acid catalyzed mechanism.178,179,180  The titanium chelated intermediate 141.7 could possibly 
form by coordination of titanium with nitrogen and oxygen atoms resulting the E-hydrazone 
(Scheme 141).   










Similarly, hydrazone stereoselectivity using tosylhydrazide in dichloromethane under 




We also used Rosini’s method to prepare O-benzyl benzil hydrazone by heating O-benzyl 
benzil with tosyl hydrazide in methanol (Scheme 143).57  Surprisingly, the reaction gave only the 








The Z-selectivity of the hydrazone preparation under Rosini’s conditions can be 
explained by following reaction mechanism (Scheme 144).  Protic solvent, methanol facilitates 
the addition reaction by protonation which makes the ketone more electrophilic.  The Z-
hydrazone may result from the lack of chelation.  Hydrogen bonding of the sulfonamide proton 
and O-benzyl group as in 41.1b may possibly the reason for providing the Z-isomer. 













These experimental results were compared with the results of DFT calculations (Figure 
17).  HF/6-31G* calculations of simplified cis and trans-hydrazones predicted that the trans-
hydrazone (sulfonamide group anti to the R group) is thermodynamically more favored than the 
cis-hydrazone (sulfonamide group syn to the R group) for R=Me.  The cis-hydrazone possesses 
higher energy conformation presumably due to interaction between isopropyl moiety and the 
sulfonamide group.  By contrast, the cis-hydrazone is more favored for R=OMe which is likely 
due to hydrogen bonding.  These results strongly suggest that the O-benzyl benzil hydrazone 
formation under first two sets of reaction conditions i.e; Ti(O-i-Pr)4 mediated conditions and 
microwave irradiation (cf. Scheme 138) is kinetically controlled.  Further, given the result of the 
HF/6-31G* calculations, O-benzyl benzil hydrazone preparation under Rosini’s conditions (cf. 











G. E/Z ISOMERIZATION OF HYDRAZONES  
It has been known that the C=N bond of hydrazones can undergo isomerization under 
photochemical, thermal and acidic conditions.  Lehn and coworkers reported the isomerization of 
the E-acyl hydrazone 145.1 to the Z-acyl hydrazone 145.2 upon irradiation with UV light 
Scheme 145).181  The Z-hydrazone 145.2 was reverted to the E-hydrazone 145.1 when heated 
under reflux or acid catalysis. 
 
Scheme 145 
Another example of the acid catalyzed E/Z isomerization of the hydrazone was reported 
by Aprahamian et al in which the E-phenyl hydrazone 146.1 was isomerized to the Z-phenyl 
hydrazone 146.3 (Scheme 146).182,183  A trifluoroacetic acid salt 146.2 was initially formed from 
the reaction of the E-phenyl hydrazone 146.1 with trifluoroacetic acid.  The Z-phenyl hydrazone 






A mechanism for the isomerization of 146.1 to 146.3 has been proposed, in which the 
phenyl hydrazone 146.1 first reacted with the acid catalyst to give the protonated intermediate 
147.1 (Scheme 147).182  The isomerization involved tautomerization followed by rotation around 
C-N single bond to afford the Z-hydrazone 146.3.  The isomerization under these conditions 
provided ca. 3:97 mixture of the E- and Z-isomers after the Z-hydrazone was equilibrated.  A 65-









However, an alternative mechanism can be drawn as follows; since the E/Z isomerization 
most likely proceeds through protonation of nitrogen (Scheme 148).  The intermediate 148.5 was 
also detected from proton NMR when the E-hydrazone was treated under acidic conditions. 
 
Scheme 148 
We utilized a variety of protic acids to study the isomerization of the O-benzyl benzil E-
hydrazone.  Firstly, we performed an NMR tube experiment by preparing a solution of O-benzyl 
benzil E-hydrazone 41.1a and methanesulfonic acid (1:1) in CDCl3.  Proton NMR showed the 
disappearance of E-hydrazone immediately after mixing the sample.  A white precipitate was 
formed after leaving the solution at room temperature for about 20 h.  The precipitate was 
filtered and attempted to analyze through the NMR spectroscopy.  However, we were unable to 
dissolve the precipitate even by using solvents including CD3CN.  Therefore, NMR analysis 
could not be performed to confirm the isomerization of the E-hydrazone to the Z-hydrazone.  
Another NMR sample was prepared by mixing O-benzyl benzil E-hydrazone with 
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methanesulfonic acid in CD3CN; however, the same white precipitate appeared after 15 minutes.  
The use of p-toluenesulfonic acid with E-hydrazone also gave the insoluble precipitation.   
We then utilized the less acidic trifluoroacetic acid with the E-hydrazone in CDCl3 
(Scheme 149).  After 4 h, NMR showed a presence of Z-hydrazone 41.1b along with the E-
hydrazone 41.1a and the O-benzyl benzyl ketone 138.1 (Figure 18).  The Z-hydrazone was 
isolated and its configuration was confirmed by NMR spectroscopy.  These results suggested that 


























Another strategy for E/Z isomerization was employed by heating a mixture of O-benzyl 
benzil E-hydrazone and tosylhydrazide in MeOH (Scheme 150).  We added 1 eq of 
tosylhydrazide to the reaction mixture hoping that transimination reaction could accelerate the 
isomerization by chemical exchange.181  However, no isomerization occurred even after 44 h and 





A variety of hydrazones were prepared using different reaction conditions including 
microwave irradiation.  The hydrazone preparations under microwave irradiation and Ti(O-i-Pr)4 
conditions are kinetically controlled, providing the E-hydrazones preferentially.   
Thermodynamically preferred Z-hydrazones can be obtained from heating a solution of ketones 




































A. AZA-CLAISEN REARRANGEMENT FOR PREPARATION OF TERTIARY 
    ALCOHOL 
Recently, our group has successfully developed a method to obtain benzothaizolium 
bearing allyl aryl alcohol by modifying the Metzger conditions184 i.e.; replacing NEt3 with DBU 
(Scheme 151).185  Deprotonation of benzothiazole salt followed by condensation with 
benzaldehyde afforded ketone 151.2.  Tertiary alcohol 151.4 was formed upon heating the 
reaction mixture possibly via trapping Breslow intermediate 151.3,186,187 which subsequently 














B. DBU RECOVERY 
DBU (1,8-diazabicyclo[5.4.0]undec-7-ene) is a base which catalyzes many organic 
reactions. We have utilized DBU in aza-Claisen rearrangement for the preparation of 
benzothiazolium derived tertiary alcohols (Scheme 152).185  We sought to separate and recover 
DBU from the reaction mixture since 2 eq (1.2 eq + 0.8 eq) of the base was employed as a 
catalyst to obtain the ACR product.  Furthermore, it is equally important to recycle the base to 









There are only a few reports that describe recovery of DBU from the reaction mixture.  
Ando and Yamada recovered 90 % DBU from a Horner-Wadsworth reactions (Scheme 153).188  
The desired product 153.3 was separated first by flash chromatography then DBU was eluted 
with MeOH.  Further treatment of the eluate with NaOH followed by extraction provided DBU.  
However, we sought to avoid column chromatography, so we did not consider the procedure. 
 
Scheme 153 
We were also motivated by the fact that amidine 154.1 reacts with CO2 and H2O to form 
amidinium bicarbonate salt 154.2 (Scheme 154).189  The bicarbonate salt can be easily 
reconverted to amidine 154.1 by bubbling argon through the solution.  The formation of 
bicarbonate was also confirmed by conductivity experiment.  The conductivity of the solution 










Similar techniques have been utilized in reversible ionic liquids in which a molecular 
liquid is switched to ionic liquid on addition of CO2.
190  In a two-component reversible ionic 
liquid system, CO2 was bubbled through an equimolar solution of DBU and MeOH.  Ionic liquid 
containing DBU carbonate salt was separated from a reaction mixture and converted back to 
DBU by bubbling argon.  This technique has been successfully used to recover stoichiometric 
amount of HBr salt of DBU from a Heck reaction (Scheme 155). 
Scheme 155 
 
II. RESULTS AND DISCUSSION 
A. PREPARATION OF N-ALLYL BENZOTHIAZOLIUM SALT 
Allyl benzothiazolium salt 151.1 is the precursor to benzothiazolium derived allyl aryl 
tertiary alcohol, an ACR product (cf. Scheme 151).186  Previously, our group has prepared the 
salt 151.1 by heating a mixture of benzothiazole (156.1) and allyl bromide (156.2) at 75 °C in a 
pressure tube (Scheme 156).  We expected to get the same product 151.1, avoiding pressure tube 
so that the methodology could be useful for industrial process.  Therefore, we reasoned to obtain 
the salt 151.1 by simply refluxing 1M solution of reaction mixture in acetone.  At first we 
performed a 10 g scale reaction by preparing a solution of 0.07 mole benzolthiazole and 0.11 
mole allyl bromide in acetone.  Temperature of the reaction mixture was carefully monitored.  
After 4 h, the product formed was triturated with acetone and dried in high vacuum; however, the 
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yield was only ca. 22 %.  We attempted to increase the yield by preparing a more concentrated, 
2M solution in same reaction scale, but we obtained only 48 % yield.  However, heating a neat 
reaction mixture of benzothiazole (156.1) and allyl bromide (156.2) provided 90 % 
benzothiazole salt 151.1 without any exotherm being observed.  Then we performed another 
successful reaction under same conditions by utilizing 0.5 mole of benzothiazole.  Further 
scaling up to a mole of the substrate gave 88-90 % yield after 5 h.  These results suggested that 















B. DBU RECOVERY 
As mentioned previously, it should be possible to separate DBUH+Br- from the reaction 
mixture by precipitating with appropriate solvent.  Initially, ketone 151.2 was prepared by 
reacting benzothiazole salt with benzaldehyde and DBU in methanol (Scheme 157).  The 
reaction mixture was then treated with THF, hoping to obtain the DBUH+Br- salt; however, we 
did not observe any precipitation.  Different organic solvents including ether, hexane, 
dichloromethane, etc. were also tried, but DBUH+Br did not precipitate.  Then, we utilized a 
reversible ionic liquid technique,189 assuming that DBU may precipitate as a carbonate salt 
(Scheme 157).  CO2 was bubbled through a methanolic solution of the reaction mixture at room 









After all above mentioned attempts failed, we stirred the reaction mixture from ketone 
preparation with magnesium sulfate (Scheme 158).  After 1 h, magnesium sulfate was separated 
by filtration.  The filtrate was then subjected for carboxylation by bubbling CO2 and the solvent 
was concentrated in vacuo.  Precipitates of DBU were formed when ether was added to the 
reaction mixture.  However, thus formed precipitate could be the DBU salt of HBr 151.5 or the 











Since DBU could possibly form DBUH+Br- in situ while preparing the ketone from 
benzolthiazole salt and benzaldehyde, it could be worth attempting to recover the precipitates 
directly without carboxylation.  Therefore, the reaction mixture was dried directly with 
magnesium sulfate, filtered then concentrated (Scheme 159).  The concentrated reaction mixture 
provided yellowish-white precipitation when treated with ether.  After washing with petroleum 
ether, pure HBr salt of DBU was obtained with 96 % recovery.  Formation of  DBUH+Br- was 
confirmed by NMR comparisons with literature data.189  These results suggested that drying with 
magnesium sulfate is a necessary step to recover the DBU salt most likely due to undistilled 
MeOH used in ketone preparation.  Further, DBUH+Br- salt was reconverted to DBU by treating 
with NaOH solution.  A precipitate of NaBr was separated by filtration.  The filtrate was 
concentrated and dried in high vacuum to give pure DBU.  
Scheme 159 
Furthermore, we also attempted to recover DBU from the reaction mixture of ACR 
product 151.4 (Scheme 160).  After completion of the reaction, the reaction mixture was stirred 
with magnesium sulfate at room temperature for an hour.  Magnesium sulfate was separated by 
157 
 
filtration and the solution was concentrated in vacuo.  A viscous precipitate was obtained when 
treated with ether.  Proton NMR of the precipitate showed the presence of DBUH+Br- but with 




In conclusion, we have demonstrated a large scale preparation of benzothiazole salt, 
useful for industrial process without any exothermic conditions.  Further, we successfully 













1. α’-Alkoxy alkyl α,β-unsaturated hydrazone 28.1a Titanium (IV) isopropoxide (0.44 mL, 
1.71 mmol) was added to a solution of ketone (0.25 g, 0.855 mmol) and tosylhydrazide (0.20 g, 
1.11 mmol) at room temperature and stirred for 48 h.  The reaction was quenched by adding 
water and precipitation was separated by filtration.  Extractive work up followed by purification 
provided hydrazone 28.1a (yield 67 %).  Data same as the previous report.63 
 
 
2. α’-Alkoxy alkyl α,β-unsaturated hydrazone 28.1b A solution of tosylhydrazide (0.05 g, 
0.271 mmol) and ketone 73.1 (0.1 g, 0.226 mmol) in CH2Cl2 (0.5 mL) was irradiated under 
microwave at 30 °C, 30 W for 9 h.  Pure E-hydrazone was obtained via flash chromatography 







3. α’-Alkoxy alkyl α,β-unsaturated hydrazone 28.1c Prepared as above for hydrazone 28.1b 
by using microwave (yield 73 %).  Data same as the previous report.63 
 
 
4. α’-Alkoxy alkyl α,β-unsaturated hydrazone 28.1d Prepared as above for hydrazone 28.1a 




5. α’-Alkoxy Alkyl Alkene 28.2a 
a) Rosini’s Procedure A mixture of hydrazone 28.1a (0.03 g, 0.065 mmol), NaCNBH3 (0.016 g, 
0.260 mmol) and a few mg of Bromocresol green in THF (0.65 mL) was stirred at room 
temperature.  A solution of p-TsOH (0.05 g, mmol) in THF (0.65 mL) was added slowly to 
maintain pH 3.5 indicated by a tan color.  After 6 h, NaOAc.3H2O (0.13 g, 0.975 mmol) was 
added and the reaction mixture was refluxed for 16 h.  Extractive work up followed by flash 




b) Qi’s Procedure Catecholborane (0.62 mL, 0.588 mmol) was added slowly to a solution of 
hydrazone 28.1a (0.045 g, 0.098 mmol) and silica gel (0.090g, 2 wt. eq) in CHCl3 (1.2 mL) at -
42 °C.  After 2 h, NaOAc.3H2O (0.20 g, 1.47 mmol) was added and the solution was refluxed for 
16 h.  The reaction mixture was extracted and purified by column chromatography to obtain 
alkene 28.2a (yield 90 %).  
  
c) Modified Procedure To a mixture of hydrazone 28.1a (0.04 g, 0.087 mmol) and CH3CO2H 
(0.04 mL, 0.69 mmol) in freshly distilled CHCl3 (1 mL), catecholborane (0.055 mL, 0.522 mmol) 
was added dropwise at -42 °C.  After 2 h, NaOAC.3H2O was added and the reaction mixture was 
heated upto 55 °C for 16 h.  After completion of the reaction, the mixture was poured into water 
and extracted with ether.  The crude material was purified by flash chromatography over silica 
gel with 32:1 hexane/EtOAc to obtain pure alkene 28.2a as colorless oil (yield 98 %).  Data same 
as previous report.63 
 
 
6. α’-Alkoxy alkyl alkene 28.2b Prepared as above for alkene 28.2a following Rosini’s 








7. α’-Alkoxy alkyl alkene 28.2c Prepared as above for alkene 28.2a by following a modified 
procedure.  Data same as the previous report.63  
 
 
8. α’-Alkoxy alkyl alkene 28.2d Prepared as above for alkene 28.2a by modified procedure.  
Data same as the previous report.63 
 
 
9. α,β-Dibromo-α-methyl butyric acid 110.2 A mixture of α,β-dimethyl acrylic acid (10 g, 100 
mmol) in anhydrous CCl4 (20 mL) and Br2 (16 g, 100 mmol) was allowed to stand overnight.  It 
was heated under reflux until the solution became light orange in color. Solvent was evaporated 
and dried under vacuum.  The residue was crystallized from petroleum ether to give dibromide 
110.2, in 86-90% yield. 
 1H NMR (300 MHz, CDCl3) δ 1.92 (d, J=7.2, 3H), 2.01 (s, 3H), 4.85 (m, 1H);
  13C NMR (75 







10. β-Bromoangelic acid 110.3 To a solution of dibromide 110.2 (23.40 g, 90 mmol) in MeOH 
(12.6 mL), a 25% solution of KOH in methanol (126 g) was added slowly.  Anhydrous K2CO3 
(2.34 g) was also added.  The temperature of the reaction mixture was increased to 55 °C and 
held for 2 hours.  Excess KOH was removed by bubbling the CO2 through the reaction mixture.  
The mixture was filtered while warm and washed with warm MeOH.  The methanol solutions 
were combined and solvent removed in vacuo.  The residue was dissolved in water and acidified 
with 6M HCl to congo red.  It was then filtered, dried and recrystallized in petroleum ether to 
obtain angelic acid 110.3 (62%).   
1H NMR (300 MHz, CDCl3) δ 2.13 (s, 3H), 2.77 (s, 3H);  
13C NMR (75 MHz, CDCl3) δ 20.85, 
28.58, 127.29, 140.44, 171.82.  
 
 
11. Alcohol 110.4 To a cooled and stirred solution of acid 110.3 (7.16 g, 40.0 mmol) in THF (85 
mL), LiAlH4 (1.52 g, 40.0 mmol) was added slowly.  The reaction mixture was stirred for 16 
hours at room temperature.  Additional LiAlH4 (0.152 g, 4.0 mmol) was added to the reaction 
mixture and stirred for about 30 minutes, then cooled to 0 °C.  Excess LiAlH4 was quenched with 
saturated solution of Na2SO4 (2.2 mL) and ether (55 mL) was added.  The mixture was poured 
into 2M H2SO4 (81.8 mL) and the organic layer was separated.  The aqueous layer was extracted 
with CH2Cl2.  The combined organic layers were concentrated and the remaining oil was 
dissolved in CH2Cl2 and washed with 10% aqueous solution of K2CO3 (28 mL).  The aqueous 
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layer was re-extracted with CH2Cl2.  The combined organic layers were concentrated and dried 
in vacuo.  The residue was recrystallized from ether to give alcohol 110.4 (68%). 
1H NMR (300 MHz, CDCl3) δ 1.98 (s, 3H), 2.40 (s, 3H), 4.20 (s, 2H);  
13C NMR (75MHz, 
CDCl3) δ 21.30, 25.21, 62.59, 121.80, 133.38. 
  
 
12. TBS-ether 110.5 A solution of alcohol 110.4 (1.494 g, 9.05 mmol) in DMF (4.5 mL), TBSCl 
(1.63 g, 10.86 mmol) and imidazole (0.736 g, 10.86 mmol) was stirred overnight at room 
temperature.  The reaction mixture was poured into water and extracted with hexane to give ether 
110.5 (78%).  
1H NMR (300 MHz, CDCl3) δ 0.08 (s, 6H), 0.92 (s, 9H), 1.92 (s, 3H), 2.36 (s, 3H), 4.18 (s, 2H);  
13C NMR (75 MHz, CDCl3) δ 0.43, 23.20, 25.74, 29.82, 30.74, 67.58, 81.90, 124.33, 138.80. 
 
 
13. Amide 108.1a NaH (4.0 g, 60% in mineral oil, 100 mmol) was washed with hexane to 
remove mineral oil.  THF (110 mL) was added to the washed NaH under N2 and stirred the 
reaction mixture.  Mandelic acid (5.0 g, 32.85 mmol) was added slowly to the mixture followed 
by addition of benzyl bromide (11.24 g, 7.8 mL, 66 mmol).  It was then heated under reflux at 70 
oC for 48 hours.  Distilled H2O was added to the reaction mixture to dissolve the product.  The 
aqueous layer was extracted 3 times with EtOAc. The aqueous layer was acidified with     
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concentrated HCl and again extracted with EtOAc.  The product was concentrated in vacuo to 
give ether 111.2 (88%). 
Ether 111.2 (7.033 g, 29.05 mmol) was dissolved in CH2Cl2 (20 mL) and stirred at 0 °C.  NEt3 
(4.45 mL, 31.95 mmol) was added and followed after15 minutes by trimethylacetyl chloride 
(3.50 g, 3.58 mL, 29.05 mmol). After 1 hour N,O-dimethylhydroxylamine hydrochloride (3.11 g, 
31.95 mmol) was added followed by  dropwise addition of NEt3 (6.90 mL, 49.40 mmol).  The 
reaction mixture was maintained for about 48 hours and quenched with 1 eq of concentrated 
HCl.  Distilled water was added to the reaction mixture and aqueous phase was extracted with 
EtOAc.  The combined organic layers were concentrated and the product was purified by silica 
gel chromatography with 3:1 hexane/ EtOAc. 1 eq of NEt3 was added to the column before the 
addition of the crude product for better purification.  The pure product was dried in vacuo to give 
amide 108.1a (82%).  Data same as previous report.63 
 
 
 14. Amide 108.1b Lactic acid derived Weinreb amide 108.1b was prepared by using a known 
procedure.63  A solution of diazomethane in ether was added to a stirring solution of S- (+)- lactic 
acid (1 g, 11 mmol) in ether (10 mL) at 0 °C.  After the disappearance of the starting material the 
solution was concentrated in vacuo to give S-lactic methyl ester (100 %).  
A mixture of Ag2O (3.1 g, 13.2 mmol), benzyl bromide (2.3 g, 13.2 mmol) and ester (1.1 g, 10.6 
mmol) in CH2Cl2 (20 mL) was stirred for 48 h.  The reaction mixture was filtered and the 
solution was concentrated in vacuo to give benzyl ether. 
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An aqueous solution of KOH (0.6 g, 10.6 mmol in 10 mL H2O) was added dropwise to a solution 
of benzyl ether in ethanol (10 mL) at 0 °C.  The reaction mixture was stirred for 30 minutes and 
extracted with ether (10 mL x 2).  The aqueous phase was neutralized with 12 N HCl and was 
extracted with ether (10 mL x 2).  The combined organic phase was dried over MgSO4 and 
concentrated in vacuo to give O-benzyl- (S)- lactic acid 111.4 (80%).  
Trimethyl acetyl chloride (1.1 g, 8.9 mmol) was added to a stirring solution of acid 111.4 (1.5 g, 
8.5 mmol) and NEt3 (0.9 g, 8.9 mmol) at 0 oC.  After 30 minutes, N,O-dimethyl-hydroxylamine 
hydrochloride (0.87 g, 8.9 mmol) was added, followed by NEt3 (1.8 g, 17.8 mmol).  The reaction 
mixture was allowed to warm to rt and stirred for 16 h.  After extractive work up, the crude 
product was purified by flash chromatography to give amide 108.1b (85%).  Data same as 
previous report.63     
 
 
15. Vinyl iodide 114.1 A Schlenk tube was evacuated and backfilled with N2.  The tube was 
charged with CuI (191 mg, 1.0 mmol), NaI (4.5 g, 30 mmol), N,N-dimethylethylenediamine (213 
μL, 2.0 mmol), bromide 110.5 (5.586 g, 20 mmol) and n-BuOH (10 mL) under N2.
165  The 
Schlenk tube was sealed with the stopper and the reaction mixture was stirred at 120 °C for 24 
hours.  The resulting mixture was allowed to cool to room temperature and poured into ethyl 
acetate (100 mL).  The mixture solution was washed with 30 % aq. NH4OH (5 mL) in water (100 
mL) followed by water (3X100 mL).  The organic phase was dried with MgSO4 and 
concentrated in vacuo to give liquid vinyl iodide 114.1 (yield 76 %). 
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1H NMR (300 MHz, CDCl3) δ 0.08 (s, 6H), 0.90 (s, 9H), 1.97 (s, 3H), 2.58 (s, 3H), 4.21 (s, 2H);  




16. Tetrasubstituted enone 107.1a t-BuLi (13.28 mL, 1.5 M in pentane, 20 mmol) was added 
slowly to a solution of vinyl iodide 114.1 (3.263 g, 10 mmol) in ether at –78 °C.  After 30 
minutes, a solution of amide 108.1a (2.851 g, 10 mmol) in ether was added dropwise.  After 2 
hours, the reaction mixture was quenched with acetic acid at 0 °C. After extractive work up with 
hexane, crude product was purified by flash chromatography to give enone 107.1a (64 %).   
1H NMR (300 MHz, CDCl3) δ 0.06 (s, 6H), 0.91 (s, 10 H), 1.60 (s, 6H), 2.18 (s, 2H), 4.54 (d, 
J=3.6 Hz, 1H), 4.70 (d, J=3.6 Hz, 1H), 5.17 (s, 1H), 7.35 (m, 10H)  13C NMR (75 MHz, CDCl3) 
δ -5.08, 14.0, 16.90, 18.28, 25.84, 62.08, 70.76, 84.60, 127.90, 128.67, 130.48, 135.64, 137.44, 
138.27, 205.32.  
 
 
17. Tetrasubstituted enone 107.1b Enone 107.1b was prepared as above-mentioned procedure 
by using amide 108.1b. 
1H NMR (400 MHz, CDCl3) δ 0.08 (s, 6H), 0.91 (s, 9H), 1.40 (d, J=6.8 Hz, 3H), 1.78 (s, 3H), 
1.83 (s, 3H), 4.20 (s, 2H), 4.28 (m, 1H), 4.49 (d, J=12.8 Hz), 4.67 (d, J=10.8 Hz), 7.32 (m, 5H);  
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13C NMR (100 MHz, CDCl3) δ -5.34, 14.70, 17.10, 17.49, 18.30, 25.75, 26.41, 29.70, 62.97, 
71.65, 78.58, 127.83, 128.43, 148.50.  
 
 
18. Tetrasubstituted alkene hydrazones 33.1a and 33.1b 
p-Toluene sulfonyl hydrazide (0.323 g, 2 mmol) was added to a solution of enone 107.1 
(0.424 g, 1 mmol) in CH2Cl2.  The solution was irradiated under microwave at 40 °C at 30 W for 
18 hours.    Purification was carried out via flash chromatography. 
 
 
19. TBS-Ether 122.1 
Prepared as above for TBS-ether 110.5  
1H NMR (400 MHz, CDCl3) δ 0.13 (s, 6H), 0.89 (s, 9H), 2.34 (s, 1H), 4.32 (s, 2H);  
13C NMR 
(100 MHz, CDCl3) δ -5.19, 18.32, 51.59, 72.70, 82.47;  IR (film) cm
-1 3311, 2933, 1474 
 
 
20. α,β-Unsaturated ynone 34.1 To a solution of TBS-ether 122.1 (0.9 g, 5.28 mmol) in ether (4 
mL) was added n-BuLi (2.26 mL, 2.8 M in hexane, 6.33 mmol) at -78 oC.  After 1 h, a solution 
of amide 108.1b (0.59 g, 2.64 mmol) in ether (4 mL) was added slowly and stirred for about 2 h.  
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The reaction mixture was quenched with CH3CO2H and extracted with ether.  Flash 
chromatography of the crude product provided 71 % ynone 34.1 as white oil.  
1H NMR (400 MHz, CDCl3) δ 0.13 (s, 6H), 0.94 (s, 6H), 4.05 (q, J= Hz, 1H), 4.40 (d, J= Hz, 
1H), 5.40 (s, 2H), 4.71 (d, J=Hz, 1H), 7.40 (m, 5H);  13C NMR (100 MHz, CDCl3) δ -4.98, 18.0, 
51.69, 71.98, 81.55, 83.09, 94.57, 128.27, 128.50, 136.69, 188.76;  IR (film) cm-1 2937, 1607, 
1454, 1254, 1125, 841. 
 
 
21. α,β-Unsaturated ynone hydrazone 34.2 A mixture of α,β-unsaturated ynone 34.2 (0.1 g, 
0.30 mmol) and tosylhydrazide (0.067 g, 0.36 mmol) in CH2Cl2 (0.5 mL) was irradiated under 
microwave at 30 oC, 30 W for 8 h.  The reaction gave ynone hydrazone 34.2 (71 %) and pyrazole 
123.1 (15 %) after purification. 
1H NMR (400 MHz, CDCl3) δ 0.17 (s, 6H), 0.89 (s, 9H), 1.36 (d, J= Hz, 3H), 2.39 (s, 3H), 4.16 
(q, J= Hz, 1H), 4.17 (d, J= Hz, 1H), 4.18 (d, J= Hz, 1H), 4.55 (s, 2H), 7.13 (d, J= Hz, 2H), 7.28 
(m, 5H), 7.84 (d, J= Hz, 2H), 8.42 (s, 1H)  
 
 
22. Pyrazole 123.1 1H NMR (400 MHz, CDCl3) δ 0.14 (s, 6H), 0.95 (s, 6H), 1.45 (d, J=6.7 Hz, 
3H), 2.40 (s, 3H), 4.28 (s, 2H), 4.60 (q, J=6.6 Hz, 1H), 5.01 (s, 2H), 7.19 (d, J=8.0 Hz, 2H), 7.27 
(m, 5H), 7.87 (d, J=8.0 Hz, 2H);  13C NMR (100 MHz, CDCl3) δ -5.18, 21.69, 25.90, 29.78, 
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58.92, 70.05 71.22, 106.51, 127.84, 128.33, 128.53, 130.47;  IR (film) cm-1 2933, 1457, 1382, 
1258, 1188, 1120, 840. 
 
 
23. α,β-Unsaturated ynone hydrazone 124.2 α,β-unsaturated ynone 34.1 (0.108 g, 0.32 mmol) 
was reacted with mesylhydrazide (0.084 g, 0.39 mmol) in CH2Cl2 (0.5 mL) under microwave at 
30 oC, 30 W for 4 h.  Flash chromatography of the crude product gave a pure mesitylene 
hydrazone 124.2 (73 %)  
1H NMR (400 MHz, CDCl3) δ 0.18 (s, 6H), 0.95 (s, 9H), 1.32 (d, J=6.5 Hz, 3H), 2.26 (s, 3H), 
2.69 (s, 6H), 4.02 (m, 2H), 4.17 (d, J=11.9 Hz, 1H), 4.58 (s, 2H), 6.79 (s, 3H), 7.12 (d, J= Hz, 
2H), 7.29 (s, 2H), 8.60 (s, 1H);  13C NMR (100 MHz, CDCl3) δ -5.37, 18.98, 21.49, 23.28, 26.15, 




24. Pyrazole 127.2 1H NMR (400 MHz, CDCl3) δ 0.12 (s, 6H), 0.99 (s, 9H), 1.44 (d, J=6.5 Hz, 
3H), 2.31 (s, 3H), 2.54 (s, 6H), 4.23 (d, J=11.8 Hz, 1H), 4.36 (d, J=11.7 Hz, 1H), 4.49 (q, J=6.5 
Hz, 1H), 5.00 (s, 2H), 6.43 (s, 1H), 6.96 (s, 2H), 7.26 (m, 5H);  13C NMR (100 MHz, CDCl3) δ -
5.69, 18.50, 21.06, 22.48, 26.47, 58.34, 70.01, 70.29, 104.73, 127.56, 128.02, 128.28, 132.62, 




25. α,β-Unsaturated enone 34.3c A mixture of α,β-unsaturated ynone 34.2 (0.13 g, 0.41 mmol) 
and K2CO3 (0.005 g, 0.038 mmol) in MeOH (30 mL) was stirred at room temperature.  After 
consumption of the starting material, the reaction mixture was concentrated partially in rotory 
evaporator and diluted with ether.  Then the solution was treated with MgSO4, filtered, 
concentrated and dried in vacuo to obtain a mixture of 34.3c and 133.1. 
 
 
26. α,β-Unsaturated enone 34.3d A solution of α,β-unsaturated ynone 34.1 (0.1 g, 0.3 mmol) 
and pyrrolidine (0.036 mL, 0.45 mmol) in CH2Cl2 (0.3 mL) was stirred at room temperature for 
24 h. A pure enone 34.3d was obtained after chromatography (yield ca. 50 %). 
1H NMR (400 MHz, CDCl3) δ 0.13 (s, 6H), 0.94 (s, 6H), 1.37 (d, J=6.8 Hz, 3H), 1.98 (s, 4H), 3. 
24 (s, 2H), 3.74 (s, 2H), 3.83 (dd, J=6.7, 13.5 Hz, 1H), 4.42 (d, J=11.7 Hz, 1H), 4.66 (d, J=11.8 
Hz, 1H), 5.12 (d, J=12.4 Hz, 1H) 5.31 (t, J=5.4 Hz, 1H), 7.29 (m, 5H);  13C NMR (100 MHz, 
CDCl3) δ -5.33, 20.07, 25.89, 48.50, 48.75, 58.34, 71.36, 89.14, 127.24, 127.65, 128.31;  IR 






27. α,β-Unsaturated enone 34.3e Enone 34.3e was prepared as above mentioned procedure by 
using 2,3-dimethyl pyrazole.  The reaction gave 2 different isomes in 55 % overall yield (major 
isomer 35 % and minor isomer 20 %). 
Major isomer: 1H NMR (400 MHz, CDCl3) δ 0.10 (s, 6H), 0.81 (s, 9H), 1.25 (d, J=6.9 Hz, 3H), 
2.17 (s, 3H), 2.26 (s, 3H), 3.67 (s, 2H), 3.90 (q, J=6.8 Hz, 1H), 4.36 (d, J=11.5 Hz, 1H), 4.47 (d, 
J=11.5 Hz, 1H), 5.77 (s, 1H), 6.26 (s, 1H), 7.27 (m, 5H);  13C NMR (100 MHz, CDCl3) δ -5.30, 
6.75, 11.45, 13.42, 16.92, 25.38, 39.65, 71.86, 80.58, 104.25, 127.83, 128.35, 136.72;  IR (film) 
cm-1 2933, 1723, 1213, 840. 
Minor isomer: 1H NMR (400 MHz, CDCl3) δ 0.11 (s, 6H), 0.92 (s, 6H), 1.34 (d, J=6.9 Hz, 3H), 
1.61 (s, 4H), 3.86 (q, J=6.8 Hz, 1H), 4.41 (d, J=11.7 Hz, 1H), 4.48 (dd, J=1.6, 6.3 Hz, 2H), 4.60 
(d, J=11.7 Hz, 1H), 5.99 (s, 1H), 6.99 (s, 1H), 7.32 (m, 5H);  13C NMR (100 MHz, CDCl3) δ -
5.47, 11.28, 14.01, 17.77, 25.98, 64.60, 71.78, 80.67, 106.64, 115.19, 127.83, 128.42;  IR (film) 










28. α,β-Unsaturated enone 34.3a To a solution of ynone 34.2 (0.19 g, 0.57 mmol) and DABCO 
(0.006 g, 0.057 mmol) in CH2Cl2 (0.6 mL) was added BnOH (0.09 mL, 0.86 mmol) slowly.  The 
reaction mixture was stirred for 24 h at room temperature.  Flash chromatography of the crude 
product gave enone 34.3a in 38.5 %. 
1H NMR (400 MHz, CDCl3) δ 0.07 (s, 6H), 0.91 (s, 9H), 1.34 (d, J=6.9 Hz, 3H), 3.89 (q, J=6.9 
Hz, 1H), 4.43 (d, J=11.8 Hz, 1H), 4.53 (d, J=11.8 Hz, 1H), 4.94 (m, 4H), 6.05 (s, 1H), 7.39 (m, 
10 H);  13C NMR (100 MHz, CDCl3) δ -5.54, 13.85, 19.74, 22.51, 25.62, 31.51, 61.98, 70.0, 




29. α,β-Unsaturated enone 34.3b Above mentioned procedure for Enone 34.3a was used with 
(S)-methyl lactate as a nucleophile.  Enone 34.3b was obtained after purification by using 
column chromatography (yield 53.5 %) 
1H NMR (400 MHz, CDCl3) δ 0.13 (s, 6H), 0.93 (s, 9H), 1.29 (d, J=8.0 Hz, 3H), 1.61 (d, J=8.0 
Hz, 3H), 3.76 (s, 3H), 3.85 (dt, J=5.8, 6.8 Hz, 1H), 4.44 (d, J=11.7 Hz, 1H), 4.55 (d, J=11.8 Hz, 
1H), 4.65 (q, J=6.8 Hz, 1H), 4.75 (dd, J=0.8, 15.7 Hz, 1H), 5.01 (dd, J=9.2, 9.8 Hz, 1H), 5.78 (s, 
1H), 7.30 (m, 5H);  13C NMR (100 MHz, CDCl3) δ -4.82, 17.21, 18.59, 26.51, 52.33, 61.28, 
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30. O-Benzyl benzil ketone 138.1 To a stirred solution of amide (1.00 g, 3.53 mmol) in ether (9 
mL) at -78 °C, phenyllithium (4.91 mL, 8.83 mmol) was added dropwise.  Completion of the 
reaction was monitored by TLC.  Then the reaction mixture was allowed to warm to room 
temperature and quenched with acetic acid.  Extractive work up followed by flash 
chromatography provided ketone (yield 82 %).  
1H NMR (400 MHz, CDCl3) δ 4.67 (s, 2H), 5.65 (s, 1H), 7.36 (m, 13 H), 7.98 (d, J=Hz, 2H); 
13C 
NMR (100 MHz, CDCl3) δ 71.0, 83.4, 127, 128, 130, 134; IR (film) cm
-1 3061, 2360, 1688, 

















31. O-Benzyl benzil E-hydrazone 41.1a and Z-hydrazone 41.1b  
a) Tosyl hydrazide (0.605 g, 3.21 mmol) and titanium(IV) isopropoxide (1.971 g, 2.03 mL, 7.89 
mmol) were added to the O-benzyl-benzil ketone 138.1 (0.60 g, 1.98 mmol).  The reaction 
mixture was stirred at room temperature for 48 h.  The reaction mixture was quenched by adding 
water followed by extractive work up.  E-hydrazone and Z-hydrazone were isolated by flash 
chromatography using 15:1 hexane:ethyl acetate (62 %).  
E-hydrazone 41.1a 1H NMR (400 MHz, CDCl3) δ 2.49 (s, 3H), 4.51 (s, 2H), 5.36 (s, 1H), 6.74 
(d, J= 7.66, 2H), 7.27 (m, 15 H), 7.80 (d, J=8.10, 2H)  13C NMR (100 MHz, CDCl3) δ 21.63, 
70.78, 83.58, 126.50, 127.39, 128.08, 128.42, 129.10, 129.65, 130.06, 135.33, 137.66, 144.23, 
156.96; IR (film) cm-1 3224, 3060, 2918, 1602, 1357, 1166, 1085; calcd for C28H26N2O3S C, 
71.46, H, 5.57, N, 5.95; found C, 71.27, H, 5.59, N, 6.01; mp 168 °C. 
Z-hydrazone 41.1b 1H NMR (400 MHz, CDCl3) δ 2.44 (s, 3H), 4.44 (d, J= 9.24), 4.51 (d, 
J=9.24), 5.74 (s, 1H), 7.30 (m, 15H), 7.72 (d, J=8.96, 2H), 10.34 (s, 1H)  13C NMR (100 MHz, 
CDCl3) δ 21.60, 28.14, 71.82, 80.40, 126.43, 127.36, 127.85, 128.10, 128.47, 128.96, 129.58, 
135.13, 136.24;  IR (film) cm-1 3200, 3027, 1347, 1164;  calcd for C28H26N2O3S C, 71.46, H, 
5.57, N, 5.95; found C, 71.34, H, 5.63, N, 6.01; mp 168 °C. 
 
b) A microwave reaction of O-benzyl benzyl ketone 138.1 (0.10 g, 0.33 mmol) with 
tosylhydrazide (0.074 g, 0.39 mmol) in CH2Cl2 (0.5 mL) for 8 h gave a mixture of E-hydrazone 
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and Z-hydrazone.  Flash chromatography over silica gel provided 99 % yield with 7.25:1 ratio of 
pure E-41.1a and Z-41.1b hydrazones. 
 
 
32. O-Benzyl benzil Z-hydrazone 41.1b The solution of tosyl hydrazide (0.074 g, 0.39 mmol) 
and O-benzyl-benzil ketone (0.108 g, 0.35 mmol) in MeOH was stirred at 50 °C for 12-28 h.  




33. N-Allyl benzothiazolium bromide salt 151.1 A mixture of benzothiazole (110 mL, 1.0 mol) 
and allyl bromide (130.8 mL, 1.5 mol) was refluxed at 75 °C for 5 h.  Pure salt was obtained 










34. Benzothiazole derived tertiary alcohol 151.4 A 0.2 M methanolic solution of benzothiazole 
salt (5.33 g, 20.80 mmol) was added dropwise to a mixture of benzaldehyde (4.20 mL, 41.60 
mmol) and DBU (3.73 mL, 24.96 mmol).  After stirring at room temperature for 24 h, 0.8 eq 
DBU (2.48 mL, 16.64 mmol) was added to the reaction mixture and heated upto 65 oC for h.  
Purification by flash chromatography provided alcohol. Data same as the previous report.185  
 
 
35. DBUH+Br- precipitate 151.5  
1H NMR (400 MHz, CDCl3) δ 1.82 (m, 6H), 2.09 (m, 2H), 3.09 (s, 2H), 3.54 (m, 6H), 10.86 (s, 













1. Kishner’s Reduction Kishner, N. J. Gen. Chem. USSR, 1931, 1212. 
 
2. Kishner’s Reduction of 2-Furylhydrazone Gives 2-Methylene-2,3-Dihydrofuran, a Highly  
Reactive Ene in the Ene Reaction Dethoff, E. A.; Tuson, H. H.; Ulas, G. Miles, W. H.; J. Org. 
Chem. 2005, 70, 2862-2865. 
 
3. Synthesis and Ene Reaction of 3-Methylene-2,3-Dihydrofuran Berreth, C. L.; Smiley, P. M.; 
Miles, W. H. Tetrahedron Lett. 1993, 34, 5221-5222. 
 
4. A Simple Modification of the Wolf-Kishner Reduction Huang-Minlan, J. Am. Chem. Soc.  
1946, 68, 2487-2488. 
 
5. Reduction of Steroid Ketones and Other Carbonyl Compounds by Modified Wolf-Kishner  
Reduction  Huang-Minlan, J. Am. Chem. Soc. 1949, 71, 3301-3303. 
 
6. A Mild and Convenient Conversion of Ketones to the Corresponding Methylene Derivatives 
 via Reduction of Tosylhydrazones by Bis(benzoyloxy) Borane Kabalka, G. W.; Summers, S. T. J.  
Org. Chem. 1981, 46, 1217-1218. 
 
7. Reduction of C=X to CH2 by Wolf-Kishner and Other Hydrazone Methods Hutchins, R. O. Ed. 
In Comprehensive Organic Synthesis 8: Selectivity, Strategy and Efficiency in Modern Organic 
Chemistry Fleming, I.; Trost, B. 1991, 8, 327-359. 
 
8. The Reaction of Tosylhydrazones with Lithium Aluminium Hydride Magi, M.; Caglioti, L. 
Tetrahedron, 1963, 19, 1127-1131.  
 
9. The Reduction of Tosylhydrazones and of Acyl Tosylhydrazides Caglioti, L. Tetrahedron 1966, 
22, 487-493.  
 
10. Acid catalyzed Hydrolysis and Isotope Exchange in Lithium Cyanotrihydroborate Hutchins, 
J. E. C.; Kreevoy, M. M. J. Am. Chem. Soc. 1969, 91, 4330. 
 
11. Selective Deoxygenation of Ketones and Aldehydes Including Hindered Systems with Sodium 
 Cyanoborohydride Milewski, C. A.; Maryanoff, B. E.; Hutchins, R. O. J. Am. Chem. Soc. 1973, 
95, 3662-3668. 
 
12. The Synthetic Utility and Mechanism of the Reductive Deoxygenation of α,-Unsaturated p- 
 Tosylhydrazones with Sodium Cyanoborohydride Kacher, M.; Rua, L.; Hutchins, R. O. J. Org.  
Chem. 1975, 40, 923-926. 
 
13. Deoxygenation of α,β-Unsaturated Aldehydes and Ketones via the Catecholborane  
 Reduction of the Corresponding Tosylhydrazones Yang, D. T. C.; Baker, J. D.,  




14. Catecholborane (1,3,2-Benzodioxaborole). A Versatile Reducing Agent Baker, J. D.; Neal, G. 
W.; Kabalka, G. W. J. Org. Chem. 1977, 42, 512-517. 
 
15. Hydroboration XXXIX. 1,3,2-Benzodioxaborole (Catecholborane)as a New Hydroboration 
Reagent for Alkenes and Alkynes. A General Synthesis of Alkane and Alkene-boronic Acids and 
Esters via Hydroboration.  Directive Effects in the Hydroboration of Alkenes and Alkynes with 
Catecholborane Gupta, S. K.; Brown, H. C. J. Am. Chem. Soc. 1975, 97, 5249-5255.    
 
16. 1-Acyl 2-Alkylhydrazines by Reduction of Acylhydrazones Peng, S. Y.; Magrath, J.; Wu, P. L.  
Synthesis 1995, 435-438. 
 
17. Silane Reduction in Acidic Media. 10.  Ionic Hydrogenation of Cycloalkenes. 
Stereoselectivity and Mechanism McOsker, C. C.; Doyle, M. P. J. Org. Chem. 1978, 43, 693-
696. 
 
18. Silane Reduction in Acidic Media.  IV. The Mechanism of Organosilane Reduction of 
Carbonyl Compounds.  Transition State Geometries of Hydride Transfer Reactions West, C. T.; 
Doyle, M. P. J. Org. Chem. 1975, 40, 3835-3838. 
 
19. Tosylhydrazines by the Reduction of Tosylhydrazones with Triethylsilane in Trifluoroacetic 
 Acid Peng, S. Y.; Magrath, J.; Wu, P. L. Synthesis 1996, 249-251.  
 
20. On the Mechanism of Sodium Cyanoborohydride Reduction of Tosylhydrazones Han, O.;  
Shih, Y.; Liu, L.; Liu, H. J. Org. Chem. 1988, 53, 2105-2108. 
 
21. Studies of the Mechanistic Diversity of Sodium Cyanoborohydride Reduction of  
Tosylhydrazones Miller, P. V.; Yang, D.; Weigel T. M.; Han, O.; Liu, H. J. Org. Chem. 1989,54, 
 4175-4188. 
 
22. Transition States of the Retro-Ene Reactions of Allylic Diazenes Jabbari, A.; Sorensen, E. J.  
Houk, K. N. Org. Lett. 2006, 8, 3105-3107. 
 
23. Thermal Rearrangement of Cyclic Allenes via Retro-Ene Reactions Price, J. D.; Johnson, R. 
 P. Tetrahedron Lett. 1985, 26, 2499-2502. 
 
24. The Photolysis of Allenes Ward, H. R.; Karafiath, E. J. Am. Chem. Soc. 1969, 91, 7475. 
 
25. Ene and Retro-Ene Reaction in Group 14 Organometallic Chemistry Laporterie, A.; Dubac, 
 J. Chem. Rev. 1987, 87, 319-334. 
 
26. The Ene Reaction Hoffmann, H. M. R. Angew. Chem. Internat. Edit. 1969, 8, 556-577. 
 
27. The Synthesis of Racemic α-trans and β-trans-Bergamotene Cane, D. E.; Libit, L.; Corey, E. 
J. J. Am. Chem. Soc. 1971, 93, 7016-7021. 
 
28. Application of the Allylic Diazene Rearrangement:Synthesis of the Enediyne Bridged 
179 
 
 Tricyclic Core of Dynemicin A Wood, J. L.; Porco, J. A.; Taunton, J.; Lee, A. Y.; Clardy, J.; 
Schreiber, S. L. J. Am. Chem. Soc. 1992, 114, 5898-5900. 
 
29. Stereoselective Insertion of the Isopropenyl Functionality Bednarski, P. J.; Kho, E.; 
Silverstri, M. G. J. Org. Chem. 1985, 50, 2799-2801. 
 
30. Synthesis of Optically active Tetracyclic Quassinoid Skeleton Shing, T. K. M.; Tang, Y. J. 
 Chem. Soc. Perkin Trans. 1. 1994, 1625-1631. 
 
31. The Total Synthesis of (+-) Compactin and Its Natural (+) Enantiomer Girotra, N. N.;  
Wendler, N. L. Tetrahedron Lett. 1982, 23, 5501-5504. 
 
32. Highly Stereoselecvie Total Synthesis of (+)-Pachydictyol A and (-)-Dictyolene. Novel  
Marine Diterpenes from Brown Seaweeds of the Family Dictyotaceae Greene, A. E. J. Am.  
Chem. Soc. 1980, 102, 5337-5343. 
 
33. A 4+3 Cycloaddition Approach to the Synthesis of (±)-Sterpurene Harmata, M.; Bohnert, G.  
J. Org. Lett. 2003, 5, 59-61. 
 
34. Internal Nucleophilic termination in Acid-Mediated Polyene Cyclization-Synthetic Access to    
Tetracyclic Didehydro and Tetradehydro Analogous of (+-)-Ambrox Linder, S.; Snowden, R. L. 
Helv. Chim. Acta. 2005, 88, 3055-3068. 
 
35. Synthesis of (+)-Alismoxide and (+)-4-epi-Alismoxide Blay, G.; Garca, B.; Molina, E.; Pedro,  
J. R. J. Org. Chem. 2006, 71, 7866-7869.  
 
36. Approach to the Synthesis of Side-Chain Eudesmanediol: Synthesis of Kudtriol from 1-α- 
Santonin Harapanhalli, R. S. J. Chem. Soc., Perkin Trans. 1, 1988, 3149-3154. 
 
37. Highly Stereoselective Synthesis of Substituted Hydrindanes Related to the Antiepileptic 
Drug Topiramate Greco, M. N.; Maryanoff, B. E. Tetrahedron Lett. 1992, 33, 5009-5012. 
 
38. Partial Synthesis of 9,10-Syn Diaterpenes via Tosylhydrazone Reduction: (-)-(9β)- 
Isopimaradiene Chu, M.; Coates, R. M. J. Org. Chem. 1992, 57, 4590-4597. 
 
39. Cycloaldol Approach to the Isobenzofuran Core of Eunicellin Diterpenes Chai, Y.; Vicic, D. 
 A.; McIntosh, M. C. Org. Lett. 2003, 7, 1039-1042. 
 
40. Approach to the Synthesis of Cladiell-11-ene-3,6,7-triol  Hutchisons, J. M.; Harriet, L. A.; 
Dormi, S. S.; Jones, G. D.; Vicic, D. A.; McIntosh, M. C. Org. Lett. 2006, 8, 3663-3665.   
 
41. An Efficient Method for the Reductive Transposition of Allylic Alcohols Zheng, B.; Myers, A. 
G. Tetrahedron Lett. 1996, 37, 4841-4844. 
 
42. Single Step Process for the Reductive Deoxygenation of Unhindered Alcohols  
Movassaghi, M.; Zheng, B.; Myers, A. G. J. Am. Chem. Soc. 1997, 119, 8572-8573. 
180 
 
43. New and Stereospecific Synthesis of Allenes in a Single Step from Propargylic Alcohols 
 Zheng, B.; Myers, A. G. J. Am. Chem. Soc. 1996, 118, 4492-4493. 
 
44. Direct Observation and Retro-Ene Reaction of a Propargylic Diazene. Stereochemical 
Assignment of Monoalkyl Diazenes Finney, N. S.; Myers, A. G. J. Am. Chem. Soc. 1990, 112,  
9641-9643. 
 
45. Stereoselective Synthesis of Olefins from Silylated Sulfonylhydrazones  
Kukkola, P. J.; Myers, A. G. J. Am. Chem. Soc. 1990, 112, 8208-8210. 
 
46. Highly Efficient Methodology for the Reductive Coupling of Aldehyde Tosylhydrazones with  
Alkylithium Reagents Movassaghi, M.; Myers, A. G. J. Am. Chem. Soc. 1998, 120, 8891-8892. 
 
47. Total Synthesis of (+)-Echinopine A and B: Determination of Absolute Stereochemistry 
 Magauer, T.; Mulzer, J.; Tiefenbacher, K. Org. Lett. 2009, 11, 5306-5309. 
 
48. Enantioselective Total Synthesis of (-)-Acylfulvene and (-)-Irofulvene Seigel, D. S.; Piizzi, G.; 
Piersanti, G.; Movassaghi, M. J. Org. Chem. 2009, 74, 9292-9304. 
 
49. Enantioselective Total Synthesis of (-)-Acylfulvene and (-)-Irofulvene Piizzi, G.; Seigel, D. S.; 
Piersanti, G.; Movassaghi Angew. Chem. Int. Ed. 2006, 45, 5859-5863.  
 
50. N-Isopropylidene-N’-2-Nitobenzenesulfonyl Hydrazine, a Reagent for Reduction of Alcohols 
via the Corresponding Monoalkyl Diazenes Ahmad, O. K.; Movassaghi, M. J. Org. Chem. 2007, 
72, 1838-1841.  
 
51. Expedient Construction of the Ziegler Intermediate Useful for the Synthesis of Forskolin via  
Consecutive Rearrangements Ye, H.; Deng, G.; Liu, J.; Qui, F. G. Org Lett. 2009, 11, 5442-
5444. 
 
52. Ga(III)-Catalyzed Cycloisomerization Approach to ()-Icetexone and ()-epi-Icetexone  
Cortez, F. J.; Sarpong, R. Org. Lett. 2010, 12, 1428-1431. 
 
53. Design, Synthesis, and Reactivity of 1-Hydrazinodienes for Use in Organic Synthesis 
Sammis, G. M.; Flamme, E. M.; Xie, H.; Ho, D. M.; Sorensen, E. J. J. Am. Chem. Soc. 2005, 
127, 8612-8613. 
 
54. The Catalytic Asymmetric Diels-Alder Reactions and Post Cycloaddition and Reductive  
Transposition of 1-Hydrazinodienes Xie, H.; Sammis, G. M.; Flamme, E. M.; Kraml, C. M.;  
Sorensen, E. J. Chem. Euro. J. 2011, 117, 11131-11134. 
 
55. An Ireland-Claisen Rearrangement/RCM  Based  Approach for the Construction of the EF- 
ring of Ciguatoxin 3C Nogoshi, K.; Domon, D.; Kawamura, N.; Katoono, R.; Suzuki, T.; Kawai, 
H.; Fujiwara, K. Tetrahedron Lett 2012, in press. 
 
56. Mild Reduction of N,N’-Mercurio-bis-tosylhydrazones with Sodium Cyanoborohydride.  
181 
 
Synthesis of N-Aroyl-N’-tosylhydrazines and Deoxigenation of Aromatic Ketones Medici, A.; 
Rosini, G. Synthesis 1976, 530-532. 
 
57. Stereoselective, Mild Reduction of Tosylhydrazones with Sodium Cyanoborohydride in   
Acidic Media  Medici, A.; Soverini, M.; Rosini, G. Synthesis 1979, 789-790. 
 
58. Studies in Stereochemistry.  XXX.  Models for Steric Control of Asymmetric Induction 
Kopeckhy, K. R.; Cram, D. J. J. Am. Chem. Soc. 1959, 81, 2748-2755. 
 
59. Erythro-Directive Reduction of α-Substituted Alkanones by Means of Hydrosilanes in Acidic  
Media Fujita, M; Hiyama, T. J. Org. Chem. 1988, 53, 5415-5421. 
 
60. Anti Selectivity in α-Chelation Controlled Hydride Addition to Acyclic Alkoxy Ketone  
Oximes: Preparation of Chiral Primary anti Amines Lida, H; Yamazaki, N; Kibayashi, C. J.  
Chem. Soc., Chem. Commun. 1987, 746-747. 
 
61. Diastereoselective Hydride Reductions of α-Hydroxy Oximino Ethers. Synthesis of Syn-1,2- 
Amino Alcohols Osterhout, M. H.; Reddy, J. P.; Williams, D. R. Tetrahedron Lett. 1993, 34,  
3271-3274. 
 
62. Oxazaborolidine-Mediated Asymmetric Reduction of 1,2-Diaryl-2-benzyloxyiminnethanones 
and 1,2-Diarylethanediones Shimizu, M.; Tsukamoto, K.; Matsutani, T.; Fujisawa Tetrahedron 
1998, 54, 10265-10274. 
 
63. Acyclic 1,4- Stereocontrol via Reductive 1,3-Transpositions Qi, W.; McIntosh, M. C. Org.  
Lett. 2008, 10, 357-359. 
 
64. Allylic 1,3-Strain as a Controlling Factor in Stereoselective Transformations Hoffman, R.  
W. Chem. Rev. 1989, 89, 1841-1860. 
 
65. Amphidinolide J:A Cytotoxic Macrolide from the Marine Dinoflagellate Amphidinium sp.  
Determination of the Absolute Stereochemistry Kobayashi, J.; Sato, M.; Ishibashi, M. J. Org.  
Chem. 1993, 58, 2645-2646. 
 
66. Formal Total Synthesis of Okadaic Acid via Regiocontrolled Gold(I)-Catalyzed  
Spirocatalyzation Fang, C.; Pang, Y.; Forsyth, C. J. Org. Lett. 2010, 12, 4528-4531. 
 
67. Novel Sesterpenoid and Norsesterpenoid RCE-protease Inhibitors Isolated from the Marine 
Sponge Hippospongia sp. Craig, K. S.; Williams, D. E.; Hollander, I.; Frommer, E.; Mallon, R.; 
Collins, K.; Wojciechowicz, D.; Tahir, A.; Soest, R. V.; Andersen, R. J. Tetrahedron Lett. 2002, 
43, 4801-4804. 
 
68. Seaweed Resistance to Microbial Attack: A Targeted Chemical Defense Against Marine 
Fungi Kubanek, J.; Jensen, P. R.; Keifer, P. A.; Sullards, M. C.; Collins, D. O.; Fenical, W. Proc. 




69. Chiral γ and δ Hydroxysulfones via Lipase Catalyzed Resolutions - Synthesis of (R)(+)-4-  
Hexanolide and (2R,5S)-2-Methyl-5-Hexanolide Using Intramolecular Acylation Jacobs, H. K.;  
Mueller, B. H.; Gopalan, A. S. Tetrahedron 1992, 48, 8891-8898. 
 
70. α-Methoxy-α-trifluoromethylphenylacetic Acid, a Versatile Reagent for the Determination of  
Enantiomeric Composition of Alcohols and Amines Dale, J. A.; Dull, D. A.; Mosher, H. S. J.  
Org. Chem. 1969, 34, 2543-2549. 
 
71. Nuclear Magnetic Resonance Enantiomer Reagents.  Configurational Correlation via 
Nuclear Magnetic Resonance Chemical Shifts of Diastereomeric Mandelate, O-
Methylmandalate, and α-Methoxy-α-trifluoromethylphenylacetate (MTPA) Esters Dale, J.; 
Mosher, H. S. J. Am. Chem. Soc. 1973, 95, 512-519. 
 
72. Toward the Synthesis of Antascomicin B.  Synthesis of a Model of the C22-34 fragment via  
Ireland-Claisen and Allylic Diazene Rearrangements Qi, W.; McIntosh, M. C. Tetrahedron  
2008, 64, 7021-7025. 
 
73. Synthesis of the C21-C34 fragment of antascomicin B Hutchison, J.; Gibson, A. S.; Williams,  
D. T.; McIntosh, M. C. Tetrahedron Lett. 2011, 52, 6349-6351. 
 
74. Sulfinyl Homo- and Hetero-Dienes from Sulfinic Acid: An Approach Towards Six-membered 
Nitrogen Heterocycles in Enantiomerically Pure Form Barattucci, A.; Bilardo, M. C.; Giannetto, 
P.; Bonaccorci, P.; Aversa, M. C. Synthesis 2003, 2241-2248.   
  
75. N-Heterocyclic Carbene Catalyzed Conjugate Addition of Alcohols Phillips, E. M.;        
Riedrich, M.; Scheidt, K. A. J. Am. Chem. Soc. 2010, 132, 13179-13181. 
 
76. Specific Conjugate Addition to α,β-Acetylenic Ketones Sengee, M.; Sydnes, L. K. Pure       
Appl. Chem. 2011, 83, 587-596. 
 
77. A New, General Entry to 3,5-Unsubstituted 4-O-Alkyl Tetramates Metz, M.; Bauschke, G.;        
Painter, F. Synthesis 2002, 869-874. 
  
78. Synthesis of Syn and Anti 1,4-Diols by Copper-Catalyzed Boration of Allylic Epoxide  
Tortosa, M. Angew. Chem. Int. Ed. 2011, 50, 3950-3953. 
 
79. Total Synthesis of Schulzeines B and C Pramanik, C.; Bhattasali, D.; Ramana, C. V.; 
Mohapatra, D. K.; Gurjar, M. K. J. Org. Chem. 2007, 72, 6591-6594. 
 
80. Stereoselective Approach to Alk-2-yne-1,4-diols. Application to the Synthesis of Musclide B 
Amador, M.; Ortiz, J.; Garcia, J.; Ariza, X. Tetrahedron Lett. 2002, 43, 2691-2694. 
 
81. XII. On Etherification Williamson, A. W. J. Chem. Soc. 1852, 4, 229-239. 
 
82. Volhart, K. P. C.; Schore, N. E. Organic Chemistry: Structure and Funtion New York: W. H. 
Freeman and Company 2007. 
183 
 
83. Tanabe, K.; Misino, M.; Hattori, H. Ohio, Y. Silanol Groups on Silica Gel Studies in Surface 
Science and Catalysis New Solid Acids and Bases Tokyo: Kodansha Ltd., and Amsterdam: 
Elsevier Science Publishers B. V. 1989, 51, 91-102. 
 
84. Silica Gel in Organic Reactions Banarjee, A. K.; Mimό, M. S. L.; Vegas, W. J. V. Russian 
Chem. Rev. 2001, 70, 971-990. 
 
85. Silica gel Mediated Rearrangement of Allylic Acetate. Applications to the Synthesis of 1,3-
Enynes Serra-Muns, A.; Guérinot, A.; Reymond, S.; Cossy, J. Chem. Commun. 2010, 46, 4178-
4180. 
 
86. Silica-Water Reaction Media: Its Application to the Formation and Ring Opening of  
Aziridines Kano, D.; Oderaotoshi, Y.; Komatsu, M.; Minakata, S. Angew. Chem. Int. Ed. 2004, 
43, 79-81. 
 
87. Chelated Borates: Synthesis, Reactivity and Cation Formation Wei, P.; Atwood, D. A. Inorg.  
Chem. 1998, 37, 4934-4938. 
 
88. Borenium, Borenium and Boronium Ions: Synthesis, Reactivity and Applications Bourke, S.  
C.; Conroy, K. D.; Piers, W. E. Angew. Chem. Int. Ed. 2005, 44, 5016-5036. 
 
89. The Solubility of Silica  Lehner, V.; Merril, H. B. J. Am. Chem. Soc.  1917, 39, 2630-2638. 
 
90. The Decompostion of Toluene-p-Sulfonylhydrazones by Alkali Bamford, W. R.; Stevens, T.  
S. J. Am. Chem. Soc. 1952, 4735-4740. 
 
91. Hydrazones and Azines of Diaryl Ketones Szmant, H. H.; McGinnis, C. J. Am. Chem. Soc. 
1950, 72, 2890-2892. 
 
92. William, J. P. Mechanism and Catalysis of Simple Carbonyl Group Reactions Progress in 
Physical Organic Chemistry Ed. Cohen, S. G.; Streitwieser, A.; Taft, R. W. New York: 
Interscience Publishers, 1964, 2, 63-128. 
 
93. Equillibria and Kinetics of N-Hydroxymethylamine Formation from Aromatic Exocyclic 
Amines and Formaldehyde. Effects of Nucleophilicity and Catalyst Strength upon Mechanisms of 
Catalysis of Carbinolamine Formation Abrams, W. R.; Kallen, R. G. J. Am. Chem. Soc. 1976, 
98, 7777-7789. 
 
94. Gas-Phase Kinetics and Mechanism of the Reactions of Protonated Hydrazine with Carbonyl 
Compounds.  Gas-Phase Hydrazone Formation: Kinetics and Mechanism Custer, T. G.; Kato, 
S.; Bierbaum, V. M.; Howard, C. J.; Morrison, G. C. J. Am. Chem. Soc. 2004, 126, 2744-2754. 
 
95. Evidence for Two Concurrent Mechanisms and a Kinetically Significant Proton Transfer 
Process in Acid-Catalyzed O-Methyloxime Formation Rosenberg, S.; Silver, S. M.; Jencks, W. 
P.; Sayer, J. M. J. Am. Chem. Soc. 1974, 96, 7986-7998. 
184 
 
96. Kinetics and Mechanism of Benzaldehyde Girard T Hydrazone Formation Stachissini, A. S.; 
Amaral, L. J. Org. Chem. 1991, 56, 1419-1424. 
 




98. Structural Studies by Nuclear Magnetic Resonace-XVII Confirmations and Configurations of 
N-Methylhydrazones Taller, R. A.; Karabatsos, G. J. Tetrahedron 1968, 24, 3557-3568. 
 
99. Regiospecific Synthesis of Homoallylic Alcohols from Tosylhydrazones Lipton, M. F.;  
Shapiro, R. H. J. Org. Chem. 1978, 43, 1409-1413. 
 
100. Synthesis of Dihydrooxadiazinone and Study of Geometrical Isomerism in α-Ketol 
Carbethoxyhydrazones Rosenblum, M.; Nayak, V.; DasGupta, S. K.; Lonroy, A. J. Am. Chem. 
Soc. 1963, 85, 3874-3878. 
 
101. Chelation and Nucleophilicity of α-Ketoaldehyde and α-Diketone Monotosylhydrazones 
Kreismann, G. P.; Khadem, H. S. E. J. Org. Chem. 1975, 40, 3149-3151. 
 
102. Use of  13C NMR to Establish Configuration of Oximes and Hydrazones of α and β-Ionone 
Faraj, S.; Idrissi, M. E. Phys. Chem. News 2003, 14, 124-126. 
 
103. Rapid and Unequivocal Determination of Syn-Anti Stereochemistry for 
Toluenesulfonylhydrazones and Other Imine Derivatives via Carbon-13 Nuclear Magnetic 
Resonance Spectroscopy. A Synthetic Adjunct  Bunnel, C. A.; Fuchs, P. L. J. Org. Chem. 1977, 
42, 2614-2617. 
 
104. Curtius, T.; Pflug, L. J. prakt. Chem. 1891, 44, 535-544. 
 
105. A New Method of Preparing 2,4-Dinitrophenylhydrazones which Furnishes Proof of the  
Molecular Structure of These Compounds and May be Used in the Qualitative Identification of  
Unsubstituted Hydrazones Willard, M. L.; Braddock, L. I. J. Org. Chem. 1953, 18, 313-315. 
 
106. Synthesis and Characterization of Acetone Hydrazone Delanu, H.; Cebaté, C. M. Z. Anorg. 
Allg. Chem. 2012, 638, 57-63. 
 
107. 2-Diphenylacetyl-1,3-Indandione 1-Hydrazone: A New Reagent for Carbonyl Compounds  
Braun, R. A.; Mosher, W. A. J. Am. Chem. Soc. 1958, 80, 3048-3050. 
 
108. Solvent Effects in the Oxidation of Camphor Hydrazone by Mercuric Oxide Dicarlo, W.;  
Traynor, L.; Reusch, W. J. Org. Chem. 1961, 26, 1711-1713. 
 
109. 3-Diphenylphosphino-(1R)-(+)-camphor Dimethylhydrazone and its Complexes with Group 
6 Metal Carbonyls: Crystal Structures of the Hydrazone and [Mo(CO)4 (PPh2C10H15NNMe2)] 
Perera, S. D.; Shaw, B. L.; Thornton-Pett, M. J. Chem. Soc. Dalton Trans. 1991, 1183-1188.   
185 
 
110. Studies on the Oxidation of Hydrazones with Iodine and with Phenylselenyl Bromide in the 
Presence of Strong Organic Bases: An Improved Procedure for the Synthesis of Vinyl Iodides 
and Phenyl-Vinyl Selenides Bashiardes, G.; Fourrey, J.; Barton, D. H. R. Tetrahedron 1988, 44, 
147-162. 
 
111. Advantageous Synthesis of Diazo Compounds by Oxidation of Hydrazones with Lead  
Tetraacetate in Basic Environments Holton, T. L.; Shechter, H. J. Org. Chem. 1995, 60, 4725- 
4729. 
 
112. Tosylhydrazones: New Uses for Classic Reagents in Palladium-Catalyzed Cross Coupling  
and Metal-Free Reactions Barleunga, J.; Valdés, C. Angew Chem. Int. Ed. 2011, 50, 7486-7500.  
 
113. Pyrolysis of Salt of p-Tosylhydrazones. Simple Methods for Preparing Diazo Compounds 
and Effecting Their Carbenic Decomposition Kaufman, G. M.; Smith, J. A.; Vander Stouw, G. 
G.; Shechter, H. J. Am. Chem. Soc. 1965, 87, 935-937.  
 
114. Reaction of Tosylhydrazones with Phenyltrimethylammonium Perbromide. Syntheis of  
Tosylazoakenes Baccolini G.; Rosini, G. J. Org. Chem. 1974, 39, 826-828. 
 
115. Improved preparation of Some Arylsulfonylhydrazones Dabbagh, G.; Bertz, S. H.  J. Org.  
Chem. 1983, 48, 116-119. 
 
116. Preparation of Aryldiazoalkanes from Triisopropylbenzylsulfonyl Hydrazones Dudman, C.; 
 Reese, C. B. Synthesis 1982, 419-421. 
 
117. The Base-Induced Pyrolysis of Tosylhydrazones of α,β-Unsaturated Aldehydes and Ketones. 
A Convenient Synthesis of Some Alkylcyclopropenes  Böll, W.; Closs, L. E.; Closs, G. L.  J. Am. 
Chem. Soc. 1963, 85, 3796-3800. 
 
118. The Base-Induced Pyrolysis of Tosyl Hydrazones of Mesityl Oxide and Dyphone Sato, T.; 
Watanabe, S. Bull. Chem. Soc. Jpn. 1968, 41, 3017-1018.  
 
119. Synthesis of an Enol-Ether of a Cyclopropane from a Diazoalkenylether: A Novel Class of 
Compound Pullen, K. M.; Hamon, D. P. G. J. Chem. Soc. Chem. Comm. 1975, 459. 
 
120. Chemistry of 1-Carbene-5-Hexyne and Related Intermediates Dañino, J. C.; Stevenson, B. 
K.; Clapp, G. E.; Freeman, P. K. J. Org. Chem. 1990, 55, 3867-3875. 
 
121. Preparation of Conjugated Dienes from Tosylhydrazones of α,β-Unsaturated Ketones and 
Alkyllithium Reagents  Lorber, M. E.; Vletmeyer, N. D.; Dauben, W. G.; Duncan, J. H.; Tomer, 
K.; Shapiro, R. H. J. Am. Chem. Soc. 1968, 90, 4762-4763.   
 





123. Synthesis of Polysubstituted Isoquinolines through Cross-Coupling Reactions with α-
Alkoxytosylhydrazones Florentino, L.; Aznar, F.; Valdés, C. Org. Lett. 2012, 14, 2323-2325. 
 
124. Synthesis of Enol Ethers and Enamines by Pd-Catalyzed Tosylhydrazide-Promoted Cross-
Coupling Reactions Escribano, M.; Moriel, P.; Aznar, F.; Barluenga, J.; Valdés, C. Chem. Euro. 
J. 2009, 15, 13291-13294. 
 
125. The Octant Rule. 7. Deuterium as an Octant Perturber Gawroński, J. K.; Bouman, T. D.; 
Lightner, D. A. J. Am. Chem. Soc. 1980, 102, 1983-1990. 
 
126. α’-Hydroxy-α,β-Unsaturated Tosylhydrazones: Preparation and Use as Intermediates for 
Carbonyl and Enonone Transpositions Aleixo, A. M.; Baptisella, L. H. B. Synthetic Comm. 
2002, 32, 2937-2950. 
 
127. Oxidations of Some Mono- and Bis-(Tolene-p-Sulfonyl)Hydrazone with Mercury(II) and 
Lead (IV) Acetates: Interception of Hydrazono-metallo Intermediates. Reactions of Mercury (II) 
Acetate with Nitrogen Compounds. Part 2 Hanahoe, A. B.; King, W. B.; Butler, R. N.  J. Chem. 
Soc. Perkins 1 1978, 881-884. 
 
128. The Reaction of Lead Tetra-acetate with The Toluene-p- and Benzenesulfonyhydrazone of 
Benzaldehyde Bhati, A. J. Chem. Soc. 1966, 1020-1023. 
 
129. Bicyclo[2.1.1]hexane Derivatives Wiberg,  K. B.; Lowry, B. R.; Colby, T. H. J. Chem. Soc. 
1961, 83, 3998-4006. 
 
130. Synthesis and Reactivity of (+)-16-Deoxo-15-oxoisosteviol Gottfried, K.; Kataeva, O.; 
Waldvogel, S. R. Synthesis, 2008, 1443-1447. 
 
131. Rapid Access to α-Alkoxy or α-Amino Acids Derivatives through Safe Continuous-Flow  
Generation of Diazoesters Bartrum, H. E.; Blakemore, D. C.; Moody, C. J.; Hayes, C. J. Chem. 
 Euro. J. 2011, 17, 9586-9589. 
 
132. Synthesis of β,γ-Unsaturated Esters. Generation of Ester Dienolates from β-Keto Ester  
Tosylhydrazone Trianions Bunnell, C. A.; Fuchs, P. L. J. Am. Chem. Soc. 1977,  
99, 5184-5187. 
 
133. N-Acylhydrazones as Versatile Electrophiles for the Synthesis of Nitrogen-Containing 
Compounds Sugiura, M.; Kobayashi, S. Angew. Chem. Int. Ed. 2005, 44, 5176-5186. 
 
134. N-Acylhydrazines: Future Perspectives Offered by New Synthesis and Chemistry 
Perdicchia, D.; Licandro, E. Euro J. Org. Chem. 2004, 665-675. 
 
135. Photochemcal Synthesis of Prochiral Dialkyl 3,3-Dialkylcyclopropene-1,2-dicarboxylates 
with Facial Shielding Substituents and Related Substrates Grundl, M. A.; Nass, A. R.; Naumann, 




136. Studies of “Formal” [1,5]-Sigmatropic Thermal Rearrangement of Dimethyl 3-Alkyl-3-
methyl-3H-pyrazole-4,5-dicarboxylates and Dimethyl 4-Alkyl-5-methyl-4H-pyrazole-3,4-
dicarboxylates Jefferson, E. A.; Warkentin, J. J. Am. Chem. Soc. 1992, 114, 6318-6325. 
 
137. Thermolysis of 2-Acyloxy-∆3-1,3,4-oxadiazolines. Evidence for a Preffered Sense of 
Cycloreversion to Carbonyl Ylides and for Fast 1,4-Sigmatropic Ylide Rearrangement 
Majchrzak, M. W.; Warkentin, J. Can. J. Chem. 1989, 67, 1753-1759. 
 
138. Factors Controlling the Selenium-Induced Cyclization of Alkenyl Hydrazines to Pyridazine 
or Pyrrolidinamine Derivatives Testaferri, L.; Marini, F.; Santi, C.; Bagnoli, L.; Temperini, A.; 
Tiecco, M. Tetrahedron, 1997, 53, 10591-10602. 
 
139. Carbazic Acid Esters and Carbonyl Reagents Rabjohn, N.; Barnstoff, H. D. J. Am. Chem. 
Soc. 1953, 75, 2259-2261. 
 
140. Electrochemical Oxidation of Ketone Acylhydrazone and Their HCN Adducts in NaCN-
MeOH. Transformation of Ketones to Nitriles Okimoto, M.; Chiba, T. J. Org. Chem. 1990, 55, 
1070-1076. 
 
141. Enantioselecive Hydrogenation of the C=N Group: A Catalytic Asymmetric Reductive 
Amination Procedure Feaster, J. E.; Burk, M. J. J. Am. Chem. Soc. 1992, 114, 6266-6267. 
 
142. Catalytic Asymmetric Reductive Amination of Ketones via Highly Enantioselective 
Hydrogenation of the C=N Double Bond Martinez, J. P.; Feaster, J. E.; Cosford, N.; Burk, M. J. 
Tetrahedron 1994, 50, 4399-4428. 
 
143. Enantioselective Allylation of Ketone-Derived Benzoylhydrazones: Practical Synthesis of 
Tertiary Carbinamines Berger, R.; Duff, K.; Leighton, J. L. J. Am. Chem. Soc. 2004, 126, 5686-
5687. 
 
144. Synthesis of Pyrazoles via Electrophilic Cyclization Kivrak, A.; Yazici, C.; Zora, M. J. Org. 
Chem. 2011, 76, 6726-6742.  
 
145. Scope and Stereochemical Course of the (Trimethylsilyl)Cyclopentene Annulation Carini, 
D. J.; Fink, D. M.; Basak, A.; Danheiser, R. L. Tetrahedron, 1983, 39, 935-947. 
 
146. Regiospecific Synthesis of 5-Silyl Azoles Cuadrado, P.; Valero, R.; Gonzalez-Nogal, A. M.  
Tetrahedron 2002, 58, 4975-4980. 
 
147. Syntheis of Simple Diynals, Diynones, Their Hydrazones and Diazo Compounds:Precursors  
to a Family of Dialkynyl Carbenes ( ) Bowling, N. P.; Burrmann, N. J.;  
Halter, R. J.; Hodges, J. A.; McMahon, R. J. J. Org. Chem. 2010, 75, 6382-6390. 
 
148. Propynal Equivalents and Diazopropyne: Synthesis of All Mono-13C Isotopomers Seberg, R. 




149. Pt-Catalyzed Cyclization/1,2-Migration for the Synthesis of Indolizines, Pyrrolones and 
Indolizinones Smith, C. R.; Bunnelle, E. M.; Rhodes, A. J.; Sarpong, R. Org. Lett. 2007, 9, 1169-
1171. 
 
150. Pt-Catalyzed Cyclization/Migration of Propargylic Alcohols for the Synthesis of 3(2H)-
Furanones, Pyrrolones, Indolizines, and Indolizinones Bunnelle, E. M.; Smith, C. R.; Lee, S. K.; 
Singaram, S. W.; Rhodes, A. J.; Sarpong, R. Tetrahedron 2008, 64, 7008-7014.  
 
151. N,N-Ditosylhydrazones. Synthesis and Some Unique Reactions with Alkyllithium Reagents 
Dolata, D. P.; Ollerenshaw, J.; Keana, J. F. J. Org. Chem. 1973, 38, 3815-3816. 
 
152. N-Dimethylalluminium- N’,N’-Dimethylhydrazide: A New and Efficient Reagent for the  
Synthesis of N’,N’-Dimethylhydrazones and  Unsubstituted Hydrazones Denifl, P.; Bildstein, B. 
Synthesis 1994, 158-160. 
 
153. Amberlyst A-21 an Excellent Heterogenous Catalyst for the Conversion of Carbonyl 
Compounds to Oximes Barboni, L.; Filippone, P.; Ballini, R. Chem. Lett. 1997, 475-476. 
 
154. Stereoselective Antibody-Catalyzed Oxime Formation Uno. T.; Gong, B.; Schultz, P. G. J.  
Am. Chem. Soc.; 1994, 116, 1145-1146. 
 
155. Synthesis, SAR and Biological Evaluation of Oximino-Piperidino-Piperidine Amides. 1. 
 Orally Bioavailable CCR5 Receptor Antagonists with Potent Anti-HIV Activity Shapiro, S.;  
Josien, H.; Bara, T.; Clader, J. W.; Greenlee, W. J.; Cox, K.; Strizki, J. M.; Baroudy, B. M.;  
Palani, A. J. Med. Chem. 2002, 45, 3143-3160. 
 
156. A New Synthesis of Oxime Derivatives from Carbonyl Compounds and N,O-  
Bis(trimethylsilyl)hydroxylamine Buntain, G. A.; Hoffman, R. V. Synthesis, 1987, 831-833. 
 
157. Efficient Microwave Assisted Synthesis of Oximes from Acetohydroxamic Acid and 
Carbonyl Compounds Using BF3.OEt2 as the Catalyst Narsaiah, C.; Raveendra, J.; Reddy, J. K.; 
Reddy, M. K. K.; Ramanaiah, B. C.; Sridhar, M. Tetrahedron Lett. 2011, 52, 4701-4703. 
 
158. Microwave-Assisted Efficient One-Step Synthesis of Amides from Ketones and Benzoxazoles  
from (2-Hydroxyaryl) Ketones with Acetohydroxamic Acid Using Sulfuric Acid as the Catalyst  
Narsaiah, C.; Sairam, V. V.; Reddy, G. K.; Raveendra, J.; Reddy, M. K. K.; Ramanaiah, B. C.;  
Sridhar, M. Tetrahedron Lett. 2011, 52, 6103-6107. 
 
159. A Facile Synthesis of anti-Benzaldoxime Zvilichovsky, G.; Heller, L. Synthesis, 1972, 563- 
564. 
 
160. Selective Synthesis of E and Z Isomers of Oximes Sarvari, M. H.; Sharghi, H. Synlett. 2001,  
99-101. 
 
161. Semiempirical Treatment of Hydrogen Bonding. The Acetoin Oxime Case Lozynski, M.;  
Mack, H.; Korn, M.; Rusinska-Roszak, D. J. Molecular Structure (Theochem), 1995, 342, 33-41. 
189 
 
162. Ab Initio and PM3 Studies of Hydrogen Bonding of Acetoin (E)- and (Z)-Oxime Dimers.  
Cooperativity and Competition Lozynski, M.; Mack, H.; Rusinska-Roszak, D. J. Molecular  
Structure (Theochem), 1997, 393, 177-187. 
 
163. Regiospecificity in Cyclization of 8-(1-Hydroxyalkyl) Geraniol Derivatives. A Simple Route 
 to the Taxol A-Ring System Doi, T.;Robertson J.; Stork, G.; Yamashita, A. Tetrahedron Lett. 
 1994, 35, 1481-1484. 
 
164. The Preparation of Tiglic and Angelic Acids and esters Buckles, R. E.; Mock, G. V. J. Org. 
 Chem. 1950, 15, 680-684. 
 
165. Copper-Catalyzed Halogen Exchange in Aryl Halides: An Aromatic Finkelstein Reaction  
Klapars, A.; Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 14844-14845. 
 
166. 1,3,4-Oxadiazoline-2-ones from Carbo-t-butoxyhydrazone Hwang, D. R.; Rao, T. N.;  
Baumgarten, H. E. J. Heterocyclic Chem. 1986, 23, 945-949. 
 
167. A Convenient, Stereospecific Synthesis of (-)-Phytuberin from (-)-2-Carone Craine, D.;  
Smith, T. L. J. Am. Chem. Soc. 1980, 102, 7568-7570. 
 
168. A Stereoselctive Total Synthesis of Guaiazulenic Sesquiterpenoids α-Bulnesene and  
Bulnesol Heathcock, C. H.; Ratcliffe, R. J. Am. Chem. Soc. 1971, 93, 1746-1757. 
 
169. An Efficient Route to Intermediates for the Synthesis of 11-Deoxyprostaglandins Grodski,  
A.; Bindra, J. S. J. Org. Chem. 1978, 43, 3240-3241. 
 
170. Stereoselective Titanium-Mediated Aldol Reactions of (S)-2-tert-Butyldimethylsilyloxy-3-  
pentanone Nebot, J; Figueras, S; Romea, P; Urpi, F; Ji, Y. Tetrahedron 2006, 62, 11090-11099. 
 
171. Total Synthesis of (-) Macrolactin A Smith, A. B; Ott, G. R. J. Am. Chem. Soc. 1996, 118, 
13095-13096. 
 
172. Regioselective Synthesis of 1,3,5-Substituted Pyrazoles from Acetylenic Ketones and  
Hydrazines Brands, K. M. J.; Gibb, A. D.; Kennedy, D. J.; Bishop, B. C. Synthesis 2004, 43-52. 
 
173. Catalyst-free Aza-Michael Addition of Azole to β,γ-Unsaturated α-Keto Ester: An Efficient        
Access to C-N Bond Formation Wang, J.; Chan, S. H.; Chan, A. S. C.; Kwong, F. Y.       
Tetrahedron Lett. 2012, 53, 2887-2889. 
 
174. Recent Advances in the Baylis-Hillman Reactions and Applications Rao, A. J.;        
Satyanarayan, T.;  Basavaiah, D. Chem. Rev. 2003, 103, 811-891. 
 
175. Synthesis of Spiroketals: A General Approach O’Mahony, R.; Crimmins, M. T. J. Org.       




176. Studies on the Reaction of α-Imino Esters with Organometallic Compounds Ito, W.; 
Yamamoto, Y. Tetrahedron 1998, 44, 5415-5423. 
 
177. Titanium(IV) Isopropoxide Mediated Synthesis of Pyrimidin-4-ones Demartino, M. P.; Lan, 
Y.; Marquis, R.; Ramanjulu, J. M. Org. Lett. 2010, 12, 2270-2273. 
 
178. A New Method for the Synthesis of α-substituted Phenethylamines via Titanium Amide 
Complexes Tsubuki, T.; Higashiyama, K.; Takahashi, H. Synthesis 1998, 238-240. 
 
179. An Improved Method for Reductive Alkylation of Amines Using Titanium(IV) Isopropoxide 
and Sodium Cyanoborohydride Pham, K. M.; Leuck, D. J.; Cowen, K. A.; Mattson, R. J. J. Org. 
Chem. 1990, 55, 2552-2554. 
 
180. Selective Monoalkylation of Ammonia: A High Throughput Synthesis of Primary Amines 
Neidigh, K. A.; Avery, M. A.; Williamson, J. S.; Bhattacharya, S. Synlett 1999, 11, 1781-1783. 
 
181. Configurational and Constitutional Information Storage: Multiple Dynamics in System 
Based on Pyridyl and Acyl Hydrazones Chaur, M. N.; Collado, D.; Lehn, J. M. Chem. Eur. J. 
2011, 17, 248-258. 
 
182. Isomerization Mechanism in Hydrazone-Based Rotary Switches: Lateral Shift, Rotation or 
Tautomerization Landge, S. M.; Tkatchouk, E, Benítez, D.; Lanfranchi, D. A.; Elhabari, M.; 
Goddard, W. A.; Aprahamian, I. J. Am. Chem. Soc. 2011, 133, 9812-9823. 
 
183. Switching Around Two Axels: Controlling the Configuration and Confirmation of a 
Hydrazone-Based Switch Su, X.; Aprahamian, I. Org. Lett. 2011, 13, 30-33. 
 
184. Comportement et reactivite d’heterocycloammoniums dans la synthese des colorants 
cyanines et carbocyanines.  Partie 1. – Derives du benzothiazolium Larive, H.; Dennilauler, R.; 
Baralle, R.; Gaurat, C.; Metzger, J.;  Bull. Soc. Chim. Fr. 1964, 31, 2857-2867. 
 
185. Intercepting the Breslow Intermediate via Claisen Rearrangement: Synthesis of Complex 
Tertiary Alcohols without Organometallic Reagents Alwarsh, S.; Ayinuola, K.; Dormi, S. S.; 
McIntosh, M. C. Org. Lett. 2013, 15, 3-5. 
 
186. Organocatalysis by N-Heterocyclic Carbenes, Enders, D.; Niemeier, O.; Henseler, A. 
Chem.Rev. 2007, 107, 5606-5655. 
 
187. Asymmetric N-Heterocyclic Carbene (NHC) Catalyzed Acyl Anion Reactions Vora, H. U.;  
 Rovis, T. Aldrichimica Acta 2011, 44, 3-11. 
 
188. Solvent-Free Horner-Wadsworth-Emmons Reaction Using DBU Yamada, K.; Ando, K. 
Tetrahedron Lett. 2010, 51, 3297-3299.  
 
189. Switchable Surfactants Liu, Y.; Cunningham, M.; Eckert, C. A.; Liotta, C. L. Jessop, P. G. 
Science 2006, 313, 958-960. 
191 
 
190. Benign Coupling of Reactions and Separations with Reversible Ionic Liquids Hart, R.; 
Pollet, P.; Hahne, D. J.; John, E.; LIopis-Mistre, V.; Blasucci, V.; Huttenhower, H.; Leitner, W.; 
Eckert, C. A.; Liotta, C. L. Tetrahedron, 2010, 66, 1082-1090. 
               
 
